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CHAPTER ONE

1.

INTRODUCTION

The travel forecasting process known as the four step process namely trip
generation, trip distribution, mode split and traffic assignment is used to estimate the
number of trips at some future date as a means to do highway planning. Improvements of
four steps procedure have been made to reflect the realistic picture of trip making process
such as incorporation of time of day, more trip purposes, intersection delays and dynamic
assignment, and better representation of access for transit. Adding land use feedback to
travel demand model facilitates the interaction between them based on different proposed
scenarios. In old and recent literature that deals with land use and travel demand model
(TDM) in which land use forecast model used travel cost (travel time/travel
distance/accessibility) from previous year TDM, and outputs from land use model are fed
into TDM to determine the updated travel cost that again used as one of the inputs for
land use model by a feedback loop with or without an optimal allocation of land use. One
of the studies has stated that transportation does not have a major impact on land use
forecast model. Other studies have found no difference in land use pattern for different
scenarios. That means, land use model controls the expansion or building new route
without looking at the underutilized roads or the disperse growth of cities that means
growing trend of urban sprawl. Changes in land use causing travel demand in most
metropolitan areas result in the rapid expansion of transportation infrastructure, utilities
1

and constructing new facilities to serve new dispersed communities. An inevitable
consequence of such a trend is urban sprawl which includes the spreading outwards of a
city and its suburbs to its outskirts to low-density and auto-dependent development on
rural land and is the root of many environmental problems. Therefore, any change in
travel cost or detrimental growth pattern does not have any significant influence on future
land use or location choice of future household and employment. Furthermore, the
changes in land use patterns and transportation network growth do not consider the
underutilization of existing network. Driven Apart, a new report from CEOs for Cities
unveils that sprawl is the real cause of traffic congestion and the solution to this problem
has much more to do with how we build our cities than how we build our roads [1]. So,
the problem can be solved if the future number and distribution pattern of jobs and
households can be proposed based on determining a probable estimate of land use change,
the areas responsible for urban sprawl, and utilizing the available capacity of the current
network.
A simplified methodology examined in this study is intended to outline a step by
step solution that can combine land use change, spatial growth and utilization of the
available capacity of existing network. It would be beneficial to all communities where
urban sprawl needs to be addressed and resolved by promoting a sustainable land use
planning and transport systems.

1.1

Background and Statement of Problem
Traditionally, Urban Transportation Planning is supported through a model that

acts as a decision support tool. The travel forecasting process is used to estimate the
2

number of trips at some future date as a means to do highway planning and involves a
series of mathematical models that attempt to simulate human behavior in response to a
given system of highways, transit and policies. [2]
The building of a travel demand forecasting model utilizes the Four Step Planning
Process. The simulation process can be presented as trip generation, trip distribution,
mode split and traffic assignment. [2]
Some of the limitations in the four step process are ignoring interdependency for
trip making, multipurpose, trip chaining, effect of social-economic-cultural factors,
factors for determining travel costs or times, actual road network and capacity, etc. [2]
Improvements of four steps procedure have been made to reflect the realistic
picture of trip making process such as incorporation of time of day, more trip purposes,
intersection delays and dynamic assignment, and better representation of access for
transit. Adding land use feedback to travel demand model facilitates the interaction
between them based on different proposed scenarios. This study is concern on the
relationship between land use and transportation system. In integrated land use and
transportation planning land use forecast model used travel cost (travel time/travel
distance/accessibility) from previous year TDM, and outputs from land use model are fed
into TDM to determine the updated travel cost that again used as one of the inputs for
land use model by a feedback loop. Thus, land use model provides future transportation
demand using accessibility/travel cost term from base year TDM, and existing/dynamic
land use change entirely determines the future expansion and building of new network.
It can be understood that travel cost and accessibility is a minor part of land use
change model while land use model governs the future network and significant input for
3

travel demand model. It controls the expansion or building new route without looking at
the underutilized roads or the disperse growth of cities. Therefore, any change in travel
cost does not have any significant influence on land use model or location choice of
future household and employment.
Driven Apart, a new report from CEOs for Cities unveils the real reason
Americans spend so much time in traffic because of sprawl which is the real cause of
traffic congestion and the solution to this problem has much more to do with how we
build our cities than how we build our roads [1]. Transportation improvements, failure to
take into account the social value of open space, and failure to recognize the social costs
of congestion that cause to excessive commuting, congestion, spatial growth and urban
sprawl [3].
The efficient development of future road network depends on how land use model
can be further modified and optimized that controls the expansion or building new route
without looking at the underutilized streets or the disperse growth of cities. To limit the
growth of sprawl and utilize the existing capacity of all links, it has been suggested to
conduct a study without being entirely controlled by the growth of cities. That means the
land use plan can lay out the future number and distribution pattern of jobs and
households based on a combination of three aspects. That means a future trip table can be
developed by using a land use change model and can be further adjusted according to the
capacity that can be utilized and according to the spatial growth that should be restricted.
Thus, it can be a preliminary initiative to build compact cities using current resources
instead of the planning of future road network in accordance with the land use change
model.
4

No study so far was aware of finding a way to determine trips by zone that can
utilize the available capacity and can prevent sprawl. This information can be very
beneficial for land use planners and policy makers to explore enhanced ideas and
implement potential changes in transportation policies and investments.
In a quest to lay out a common framework that can connect available capacity
utilization of existing network along with the products from urban sprawl scoring scheme
and land use change model, Origin/Destination Matrix Estimation (ODME) from Traffic
Counts was found to be a convenient and efficient way for building the major part of the
methodology and evaluating different planning scenarios. It was author’s primary interest
to apply ODME technique on a moderate scope towards larger context so that a better
understanding and visualization can be gathered in this regard. Besides, it is necessary to
know the appropriateness of whether ODME tool built in TransCAD 4.7 can be used to
resolve this problem.

1.2

Objectives of the Study
The goals can be broken down into following steps:


Gathering more insight of how estimation of OD matrix can be applied in
answering a broad scope.

o Implementing estimation of OD matrix from existing traffic counts to
determine through trips that were compared with that of Bluetooth dataset
for validation.


Gathering a better understanding of Origin/Destination Matrix Estimation
(ODME tool) built in TransCAD 4.7
5

o Reviewing previous and recent methods of estimating OD matrix from
Traffic count and selecting a suitable method
o Examining the sensitivity of generating an actual OD matrix with the
removal of traffic counts in a predictable manner for a larger network
using ODME tool built in TransCAD 4.7.


Developing/building a simplified model that can represent the future land
use change

o Reviewing and summarizing Land Use Models and the variables used in
LUM
o Reviewing and summarizing Land Use Change Models and the variables
used in Land Use Change Models
o Selecting and applying a simplified model in our study area
o Defining Independent variables
o Determining Dependent variable that can specify the likelihood of land
use change for a TAZ
o Analysis and results of binary logistic regression model
o Preliminary and final models depending on number of independent
variables included in regression analysis
o Interpreting deviance table for significance
o Assessing the fit of the proposed model
o Comparing two models
o Validating the final model by data splitting and evaluating its
performance
6



Reviewing the latest urban sprawl scoring methodology and implementing
the same for our study area

o Reviewing the most recent urban sprawl scoring method that includes
derivation of census tract sprawl indices (variables plus equations used in
their study)
o Using the same methodology to derive the sprawling indices at TAZ level





Processing variables and analyzing principle components



Comparing 2000 and 2010 scoring



Comparing cases after inclusion of centering effect

Combining three features such as land use change, sprawling extent, and
land availability into one platform to prepare different planning scenarios
and comparing those options to recommend a more feasible and better
option



1.3

Stating the contributions and future works

Outline of the Dissertation
This dissertation document is divided into seven chapters. The first chapter

provides an overview of the background, problem statement, and objectives with broken
down research tasks that associated with this main issue including explaining the need for
understanding the estimation an origin/destination matrix.
The second chapter summarizes the literature and the resources associated with
building an OD matrix to estimate through trips using traffic counts. This study gives a
better insight in determining the research path.
7

The third chapter lays out how ODME tool built in TransCAD 4.7 can viably be
used to produce a quality OD matrix with an acceptable level of traffic counts for a larger
network.
The fourth chapter derives land use change models with and without the variables
related to urban sprawl and compared based on their statistical significance. It proposes a
simplified logistic model that can highlight the probability of land use change by Traffic
Analysis Zone (TAZ).
The fifth chapter employs the latest methodology on scoring urban sprawl at TAZ
level and derives sprawling indices with and without incorporating centering effect and
compares the scores of sprawling TAZs in 2010 to the sprawling TAZs for 2000. It
proposes a methodology for determining potential sprawling TAZs.
The sixth chapter investigates ways to utilize available capacity in conjunction
with formulating and comparing hypothetical planning scenarios through the use of
estimation of OD matrix.
The seventh chapter concludes the dissertation and provides brief
recommendations on how a better plan can reduce the extent of sprawling by utilizing
available capacity. The chapter concludes by identifying areas where future work may be
carried out.

1.4

References

[1]

J. Cortright, "CEOs for Cities," 2 June 2011. [Online]. Available:
http://www.ceosforcities.org/work/driven-apart. [Accessed 12 October 2011].

[2]

E. A. Beimborn, "A Transportation Modeling Primer," Center for Urban
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Transportation Studies, Wisconsin-Milwaukee, 1995.
[3]

J. K. Brueckner, "Urban Sprawl: Diagnosis and Remedies," International Regional
Science Review, vol. 23, no. 2, pp. 160-171, 2000.

9

CHAPTER TWO

2. ESTIMATION OF THROUGH TRIPS USING EXISTING TRAFFIC
COUNTS
2.1

Abstract
Through trips are concerns as these trips contribute to roadway congestion that

must be accommodated, but for which there are no simple methods to determine.
Concerns for safety and need to avoid inconveniencing drivers have limited the use of
traditional vehicle surveys. Previous research developed equations to estimate through
trips in communities, requiring data on street locations, traffic volumes, community
demographics, economic data and geographic data. Alternatively, using cell phones or
Bluetooth devices to collect traveler information have not always been accepted by the
general public and are often seen as intrusions into driver privacy. Transportation
professionals are in need of a methodology to estimate through trips to improve the
transportation planning process and better allocate resources for roadway infrastructure
investment. This research utilizes roadway connectivity and traffic count data to estimate
through trip numbers. The methodology determines through trips using roadway counts
collected as part of a routine traffic monitoring procedure. The methodology has been
tested against a community that underwent a Bluetooth data collection study. The
outcome of this research will benefit any community with a traffic monitoring program
where through trip patterns could be used to improve resource allocation.
Keywords: through trips, external-external trips, origin-destination matrix.
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2.2

Introduction and Background
Through trips, or pass through trips, are great concerns for small and medium-

sized communities as these trips contribute to congestion on roadway infrastructure of the
community that must be accommodated, but for which there are no simple methods to
determine. The complete construction of a through trip table also involves determining
the fraction of trips at an external station that are through trips, as opposed to the trips
having one end internal to the study area [4]. These trips can be termed as through trip or
external-external (E-E), where origin and destination of trip fall outside the community
[5]. External surveys, conducted at external stations, obtain through trip information
through license plate surveys, roadside hand out surveys, roadside interview surveys, and
roadside interview combined with handout surveys [5]. However, the use of surveys has
diminished due to rising costs, traffic delays, and safety issues. Attempts have been made
to use cell phone records or Bluetooth capture devices to collect traveler information.
Unfortunately, these have not always been accepted by the general public and are often
seen as intrusions into driver privacy.
The main goal in estimating through trips is to predict the total number, or percent,
of trips that would be passing through and the distribution of trips between external
stations. To remove the issues associated with surveys, regression models or synthetic
procedures have been developed. It should be noted that through-trip results are not
always transferable between areas as they are heavily dependent on the specific location,
size, roadway network and relationship to other communities.
The principle methodology for determining through-trip rates cited in recent
literature involves the application of a series of regression models that were developed
11

based on external station surveys. The models predict the external trip exchange based
on highway functional classification, the average daily traffic (ADT) at the external
station, the percentage of trucks (excluding vans and pickups), the percentage of vans and
pickups, route continuity and the population of the study area. As an alternative,
Anderson presented a spatial economic model to synthesize a through-trip table using
surrounding communities and their impact, was shown to be more accurate than the
common regression-based model for limited applications [6]. Han updated through trip
estimation procedures with new survey data and to account for geographic and economic
explanatory factors that can be applied in any US small and medium urban areas [5]. The
drawback of the current through trip models is that, while applicable to small and
medium-sized communities, there is still an element of borrow from other studies and
hope that the equations/methods will be transferable [6].
Transportation professionals need a methodology to estimate through trips to
improve the transportation planning process and better allocate resources for roadway
infrastructure investment. This paper presents research conducted that utilizes roadway
connectivity and traffic count data to estimate through trip patterns. The methodology
developed determines travel demand between origin-destination locations from the actual
roadway counts, collected during routine traffic monitoring procedures. The
methodology has been tested against and performed similarly to a community that
underwent a Bluetooth data collection study. The outcome of this research will benefit
any community with a traffic monitoring program where through trip patterns could be
used to improve resource allocation.
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2.3

Model Development Methodology
The methodology used to generate through trip rates for a small and medium-

sized community is to develop an origin/destination (OD) matrix from existing traffic
counts without requiring an existing OD matrix by highlighting entropy maximizing
work by Wilson [7]. Traffic counts, viewed as the combination of a trip matrix and a
route choice pattern, can give direct information about the sum of origin/destination pairs
that use a particular roadway in the network [8].
After identifying the roadways used by the trips from origin to destination, the
flows for roadways are expressed mathematically by the following equation [8]:

Va = ∑ij Taij paij , 0≤paij ≤1 ,

Equation 2.1

Where the flow (Va ) for link a is the summation for all the trips on that link, paij is
the proportion of trips (T𝑎𝑖𝑗 ) from Zone i to Zone j travelling through the link. Now, the
proportion variable is determined by the type of trip assignment technique which can be
classified into two main ways, such as proportional and non-proportional assignment. In
proportional assignment the proportion of drivers choosing each route are independent
from the flow levels and calculate the probability of traffic coming from a particular
origin and destination for each link flow. The most common use of the proportional
assignment is through the use of the all-or-nothing assignment method, illustrated in the
following equation, while some stochastic methods will give values that range from zero
to one to variable paij [8]:

13

paij {

1 if trips from origin i to destination j use link a
0 otherwise

Equation 2.2

Under congested conditions, the non-proportional assignment would allow for
trips to take paths other than the shortest travel time and causes the proportion of
travelers on each link to not depend on link flows. It is an iterative approach where a set
of route choice proportions are assumed then a trip matrix is estimated, loaded onto the
network and a new set of route choice proportions are calculated, and the process is
repeated, until the route choice proportions and trip matrix are similarly consistent.
Therefore, the interdependency between the route choice proportions and the trip matrix
is the main downfall to this technique [8].
One way of implementing non-proportional assignment is through the use of
incorporating equilibrium to the traffic flows that assigns link cost functions, link travel
cost, and path travel cost to the network as a way to minimize travel costs [9], [10]. A
target trip matrix is required to reproduce the observed traffic counts in the equilibrium
approach [9], [11]. These models were developed on small test networks, and their
applicability on a large network is not ensured [10].

2.4

Case Study
To test the methodology presented for building an OD matrix to determine

through trips, a case study was conducted using Brazos County, Texas network. The
location was selected as there was a recent E-E study performed that used Bluetooth data
collected from cell phones, which was used as a validation of data set.
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2.4.1

Selection of Study Area
Defining the territory of a study area depends on where the external zones/stations

located that are the main generator or attractor of through trips. Based on the road
network, boundary and location of external zones internal and external zones have to be
identified and labeled by the number on a printed map. Brazos’s external zone ranges
from 1 through 13, and internal zone ranges from 14 through 58 while intersected nodes
start from 100 to 219.

2.4.2

Required Data for Analysis and Validation Process
The aforementioned road network map preferably needs to have the traffic count

for all links and a defined uniform scale because if the distance or travel time between
zones is not available, then the distance between nodes has to be measured manually
from the map and tabulated correctly. Also, the actual percent through trips and total trips
of the external stations will be required for validation purposes. It can be noted that the
year must be same for the traffic counts of the study area, the actual percent through trips
and total trips of the external stations. District traffic data from the Texas Department of
Transportation (TxDOT) supplied the necessary traffic counts and street network map for
Brazos County [12], [13]. Figure 1 shows the study area namely Brazos County with 13
external stations (ES) [14]. Table 1 presents 2011 Bluetooth output of 13 external
stations where the Count column has been collected from TxDOT traffic count, was
placed and aligned with Bluetooth output for comparison purposes [14], [12]. It can be
observed that there are discrepancies between Total trips and Count Columns; however,
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as the goal of this study was the external trip numbers and percent, the values from the
Bluetooth study were used.

Figure 2.1 Brazos Study Area with 13 External Stations
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Table 2.1 2011 Bluetooth Test Output
Station

ES No

Through Trips

479
491
490
489
488
487
486
485
484
483
482
481
480

1
2
3
4
5
6
7
8
9
10
11
12
13

91
21
65
3,506
109
863
216
14
3,405
361
0
4
538

2.4.3

Local
Trips
1,028
808
1,925
21,156
871
12,146
8,474
418
22,476
6,410
207
152
6,812

% Percent
Through
8.1%
2.5%
3.3%
14.2%
11.1%
6.6%
2.5%
3.2%
13.2%
5.3%
0.0%
2.3%
7.3%

Total Trips

Count

1,119
829
1,990
24,662
980
13,009
8,690
432
25,881
6,771
207
156
7,350

1,200
1,050
2,300
19,000
1,250
12,400
9,300
450
26,000
6,000
490
700
6,900

Determining Shortest Route between Zones

2.4.3.1 Preparing Input Database
Links, or roadway sections, with traffic count, are represented using two adjoining
points, NODE A, and NODE B, as defined in our study. The nodes that we used to
represent zone centroids were labeled differently than intersected nodes to ease in
identification and post-processing. The corresponding link distance is recorded and used
for routing purposes. Brazos study area was divided into 58 zones, and access nodes
were given where there is a change in traffic count. Access nodes and intersected nodes
were numbered 100 through 219. Input file with three columns thus contains link, zone
and distance information of a study area.
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2.4.3.2 Building Shortest Route Algorithm
The movement from one specific zone to the other was coded in a MATLAB
script file that developed tree diagrams to determine the shortest path between origin and
destination. The MATLAB script read the excel input file and starts finding the route
from zone 1 to other 58 zones such as 1 to 2, 1 to 3 and so on, as incremented in a loop
statement which is nested by another loop to find the same for zone 2, 3 and so on. Each
route was represented as the connecting nodes between the origin and destination and
total distance of corresponding links. The final output was formed to produce an
array/matrix with all movements between zones in rows and the each roadway link
presented in columns was attributed with a value of 1 if that roadway link was used on
the shortest path between origin and destination or else a 0 if not used.
2.4.3.3 Running and Exporting Output Table
This algorithm can be run by feeding in the input database for any study area and
desired 0 and 1 output table can be exported and pasted in Excel spreadsheet.

2.4.4

Developing OD Spread Sheets for Initialization and Running Iterations
The assignment was conducted through the use of the all-or-nothing assignment

method in the previous step that identifies links and origin/destination pair on the shortest
routes where traffic counts occur. If any origin/destination pair across the rows uses the
traffic count/link, its proportion is set to be one or else zero that is called as “Traffic count”
column for the particular link.
During the initialization phase, a starting initialization is done by assigning a
minimum one trip for each OD pair. This first traffic count column is summed and is
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used to calculate initial trip volumes that can be called as “Current Volume” column [15].
The equation for each cell can be presented as follows:

Current Volume=

Traffic count value for the cell * Actual count of link a
∑ Traffic count

Equation 2.3

The summation of “Current Volume” column will be equal to the Actual Count of
link a. “Updated OD trips” column compares the current volume column with the
initialized OD trips column and keeps the current volume when the current volume is not
zero, otherwise pull the value from the initialized OD trip value. This action can be
carried out by using a set of if-else procedures [15].
The next link b column is made up of proportion values for the origin/destination
pairs that use the traffic count. In the column labeled “b*” the proportion values in the
column “Traffic Count b” are multiplied individually by the values in the “Updated OD
trips” column. In the next column labeled “Current Volume” is a ratio of the
observed/actual traffic count of link b compared to the sum of the “b*” column that can
be shown in the following equation [15].

Current Volume=

cell value of "b*" column * Actual count of link b
∑ "b*"column

Equation 2.4

The current volume column can be summed to yield a value which is the same as
the observed traffic count. The Updated OD trips column can be calculated as stated
above for link a. In similar fashion “*” column followed by “Current Volume” and
“Updated OD trips” columns can be developed for the other links. “Updated OD trips”
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column is shaping up and refining across the link columns to produce a potential solution
for the trip matrix [15].
The iteration phase builds on what was done in the first initialization section. It
starts off with the “Traffic Count a” column which is still populated with the same
proportion values for the origin/destination pairs as before. The new column labeled “a*”
is calculated by multiplying each cell in the corresponding proportion value from the
“Traffic Count a” column by the final “Updated OD trips” column found in the
initialization spreadsheet. The rest of the calculation will be the same as the initialization
phase [15].
If the number of iterations increase, the summation of “*” column for a specific
link is approaching closer to the observed traffic count for that link and the difference
between two final “Updated OD trips” values of consecutive iterations is getting lesser.
In a large network, it is more difficult to satisfy every observed count, and it is wise to
keep track of the difference between two consecutive iterated final Updated OD trip
values. It can be noted that the count columns at the end of the spreadsheet are likely to
satisfy the observed counts. As this study is concern about the external stations, link
columns must be rearranged in such a way so that all external counts will be placed at the
end of the initialization and iteration spreadsheets.

2.4.5

Formulation of Different Options
If standard initialization values show impractical results, means the final number

of trips between zones are overestimated for certain origin-destination pairs who are
geographically located next to each other for external zones or are showing the
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misleading amount of movements for an internal zone where negligible development
inside the territory cannot justify the large movements. Therefore, based on the
assessment of trip matrix developed under standard initialization, the following options
can be formulated and can be reflected in the new initialization columns which can be
called as constrained initialization columns:


External OD pairs which are geographically closely located can be
constrained by initializing their trip value as zero and will be
unchangeable through iterations. It is reasonable to hypothesize that two
external stations in close proximity to each other would be less likely to
exchange through trips than two external stations at opposite sides of the
urban area [4].



Internal zones attracting or generating way more trips that are causing
huge deviation for other OD pair trips can be constrained by initializing all
trips related to the Internal zone as zero and will be unchangeable till the
end of the last iteration.



Any combination of above two options can create other viable option.

Running initialization and iteration spreadsheets for each option can be done, and
final trip matrices for each option can be stored for further analysis.
To avoid issues with the impractical numbers essentially trips that enter the study
and immediately turn around, the trips between external stations especially closely
located and not passing through the study area (shown in Figure 1), are constrained as
zero trips. The following table details the clusters of external stations based on
geographical setting:
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Table 2.2 Geographical Clusters of External Stations
EE Origin/Destination
(O-D) Clusters

O-D Movements

1, 2, 3, 4, 5

1-2, 2-1, 1-3, 3-1, 1-4, 4-1, 1-5, 5-1, 2-3, 3-2, 2-4, 4-2, 2-5, 52, 3-4, 4-3, 3-5, 5-3, 4-5, 5-4

1, 2, 12, 13

1-12, 12-1, 1-13, 13-1, 2-12, 12-2, 2-13, 13-2, 12-13, 13-12

5, 6, 7

8, 9, 10, 11, 12, 13

2.4.6

5-6, 6-5, 5-7, 7-5, 6-7, 7-6

8-9, 9-8, 8-10, 10-8, 8-11, 11-8, 8-12, 12-8, 8-13, 13-8, 9-10,
10-9, 9-11, 11-9, 9-12, 12-9, 9-13, 13-9, 10-11, 11-10, 10-12,
12-10, 10-13, 13-10, 11-12, 12-11, 11-13, 13-11

Evaluation/Validation of Options
The entire OD matrix contains E-I, I-E, E-E and I-I movements. As our study

only concerned on the external movements, a matrix that only contains external
movements, was extracted, and those trips were aggregated and used for the comparison
purposes with the actual percent through trips and total trips of the external stations from
the Bluetooth study. Each option can be examined after running a certain number of
iterations and following above procedures, and the best option can be selected based on
the minimum values of the total differences. To assess the trend of total differences by
increasing the number of iterations, scatter plot can be drawn for the above two
parameters. Parallel-constant lines will be found that represent no need of further
iterations, and thus, the number of iterations can be settled at this steady state.
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2.4.7

Results
The last iteration selected was number 151. The results are presented in the

following table.

Table 2.3 Results of Specific EE Movements
EE
No

Through
Trips from
this study

Through Trips
from
Bluetooth

% Percent
Through from
this study

% Percent
Through from
Bluetooth

Difference in
percent

1
2
3
4
5
6
7
8
9
10
11
12
13

115
85
272
631
1
885
273
8
1,136
40
25
0
21

91
21
65
3,506
109
863
216
14
3,405
361
0
4
538

11.01%
11.01%
14.97%
2.56%
0.13%
6.93%
3.15%
1.79%
4.40%
0.59%
12.23%
0.00%
0.28%

8.1%
2.5%
3.3%
14.2%
11.1%
6.6%
2.5%
3.2%
13.2%
5.3%
0.0%
2.3%
7.3%

-2.91%
-8.51%
-11.67%
11.64%
10.97%
-0.33%
-0.65%
1.41%
8.80%
4.71%
-12.23%
2.30%
7.02%

After looking at Table 3, the two methodologies produce similar results for the
majority of external stations. The external stations with the higher traffic volume, the
traffic count methodology, performs worse as it seems these trips are more likely
distributed as E-I trips versus pass-through. However, the difference in percent between
the two studies is within +/- 13%. This discrepancy is similar to the values found when
using regression models or synthetic procedures [5], [6].
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2.5

Discussion and Conclusion
Modlin’s and Anderson’s methods employ linear regression equations to estimate

through trips. Discrete choice based model for smaller cities proposed by Martchouk and
Fricker can ensure that the through trip percentages add up to100 percent [16]. Recent
research done by Talbot and Burris developed a set of two logit models to estimate
through trips for a wide range of study area sizes. This research requires a significant
amount of data, including external survey data, traffic data, roadway data, demographic
data, interaction score data, and measures of external station separation [17].
Unlike many previous models, this process does not require of obtaining
sufficient amount of data for the study area. In previous models explanatory variables or
predictor variables are must form the final refined models. In this study only traffic
counts and actual through trips are a necessary database to find the best option with a
cutoff point to run the number of iterations for estimating through trips, that is the
uniqueness of this research. And traffic counts are accessible for any year that can easily
correspond with the year of actual through trips. There is no doubt of its transferability
for a wide range of study area sizes, and this methodology can be applied in smaller or
larger areas.
The case study demonstrated that the through trip values can be determined,
within +/- 15 percent of actual values following the methodology. This research
developed a step by step procedure to determine through trips pattern for any study area
by using a minimal amount of existing data. The outcome of this research will be very
useful for the urban areas where the external survey is suspended or cannot be conducted
due to lack of resources.
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CHAPTER THREE

3. ACCURATELY ESTIMATING ORIGIN/DESTINATION MATRICES IN
SITUATIONS WITH LIMITED TRAFFIC COUNTS
3.1

Introduction
Travel demand forecasting models provide a representation of the traffic volumes

on roadways within a transportation network. These models are a key analysis tool used
in transportation planning and to support infrastructure investment decisions. These
models can be used to represent current traffic volume, predict future traffic volumes, test
alternative scenarios, and evaluate the transportation network [18]. Unfortunately, the
money and time required for data collection and model development frequently result in
only a little left over for the forecasting phase [8] [19]. Finding ways to reduce the time
required and minimize the costs associated with developing these travel demand
forecasting models would be beneficial to communities that maintain these models for
forecasting and planning.
Entropy maximization work was performed by Wilson [7] and applied by Van
Zuylen and Willumsen [20] for origin/destination matrix estimation. The entropy
maximization method was implemented in a study of a small community in Alabama,
with minimal congestion, was tested and analyzed [15]. The study by Wilson evaluated
the potential to estimate an accurate origin/destination matrix from existing traffic counts.
It also determined the relationship between the number of traffic counts required in a
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network and the number of origin/destination pairs to build an accurate origin/destination
matrix, since existing traffic counts are easy and inexpensive to obtain [15].
The application of the entropy maximization technique for estimating an
origin/destination (O/D) matrix from traffic counts can be explored and extended to study
a large congested network. To do so, traffic counts were removed from a larger and semicongested network with a known O/D matrix, and a complete set of traffic counts were
used to determine the methodology’s ability to reflect the estimation of an actual matrix
accurately. Additionally, as several approaches for O/D estimation rely on a seed matrix
to work properly, this paper tested the influence of the seed matrix on the O/D matrix
estimation. Sensitivity analysis was performed by testing simplified scenarios using
different seed matrices. The goal of this paper is to determine the acceptable level traffic
counts necessary to develop a statistically significant O/D matrix through estimation. The
estimated O/D can be used to support the development of travel demand model inputs
and parameters, reducing the dependency on expensive household surveys.

3.2

Literature Review
A brief review of relevant literature is provided to highlight the contribution of

this paper.
The difference between this work and the work by Wilson [15] is the inclusion of
congestion in the network. Under congested conditions, trips are allowed to take paths
other than the uncongested shortest travel path due to congestion time increases on the
main roadways. To solve this congestion travel time concern, travel assignment
procedures often use an iterative approach until the route choice proportions, and trip
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matrix are similarly consistent [8]. One way of implementing non-proportional
assignment is through the use of incorporating equilibrium to the traffic flows that
assigns link cost functions, link travel cost, and path travel cost to the network as a way
to minimize travel costs [9], [10]. A target trip matrix is required to reproduce the
observed traffic counts in the equilibrium approach [9], [11]. These models were
developed on small test networks, and their applicability on a large network is not
ensured [10]. For instance, path flow estimation was used in a study by Chen et al. [21] to
estimate the number of trips between O/D pairs on a small freeway network using
centroid connectors as well as freeway traffic counts in estimating the flows.
The origin/destination matrix estimation procedure can be determined using the
statistical inference techniques of maximum likelihood, generalized least squares, or
Bayesian approach for estimating the origin/destination matrix [11]. These approaches
are found to be sensitive to variations and accuracies in the traffic counts and the target
origin/destination matrix and were tested on small and simple transportation network [11].
The O/D Matrix Estimation (ODME) procedure in TransCAD (Caliper
Corporation) is an iterative (or bi-level) process that switches back and forth between a
traffic assignment stage and a matrix estimation stage, until convergence is reached [22]
[23]. The single-path and multipath methods updates static O/D matrices by comparing
assigned and observed link flows along the path(s) used by each O/D pair and by using
updating factor as the ratios of observed to assigned flows for each O/D pair [24]. The
procedure requires an initial estimate of the O/D matrix that can be a prior estimate based
on survey measurements, or be synthetically generated (e.g., from a doubly-constrained
trip distribution model). However, small-area with no prior estimate of the O-D matrix
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can be analyzed by TransCAD O/D Matrix Estimation procedure that provides several
types of traffic assignments and estimates O/D trips where the link is missing traffic
count as well [22]. Two new methods proposed can handle inconsistent and uncertain
counts for any assignment model. And inconsistent counts will not affect the results as
seriously as in many other matrix estimation methods [25]. Many computer models have
been proposed and applied for O-D matrix estimation to investigate the relationship
between traffic counts and O-D matrix, and TransCAD Model is one of the most widelyused models [26].
Most of the studies focused on optimization techniques where an old/target
origin/destination matrix was updated by analyzing traffic counts using maximum
likelihood, generalized least squares, or Bayesian inference techniques [11]. The
estimation method implemented in TransCAD was chosen to determine an
origin/destination matrix from traffic counts by following user equilibrium (UE)
assignment. The focus of this study is to estimate origin-destination matrix by using
limited counts and determine if a viable answer can be obtained. A seed matrix has been
fed into the calculation process after understanding how it impacts the quality of the
estimated origin/destination matrix.

3.3

Study Motives
The primary objective of this paper is to demonstrate how the network was setup,

how the methodology was utilized and how many traffic counts are required to build a
statistically significant origin/destination matrix for the region in question. The amount of
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links that can be removed and still yield a viable origin/destination matrix was
documented at the end of this paper.

3.4

Methodology
As mentioned, the ODME procedure in TransCAD was followed for estimating

the O/D matrix. Single Mode Highway O/D Matrix Estimation procedure requires several
inputs to analyze the sample or real world networks throughout the study. The following
data needed to be prepared/created to execute the O/D Matrix Estimation procedure [22],


Base/initial/prior O/D matrix



Geographic file with required link data: both a node and a line layer



Network file from the line layer, including all the relevant attributes such
as link flow (count), capacity, time, speed, etc.

The O/D Matrix Estimation procedure/tool can be promptly used, once necessary
input files are ready to run [22]. UE assignment method was chosen to test the sensitivity
of estimated O/D over the proportion of traffic count that can be removed. After
completing this procedure successfully, the following outputs can be stored to do a
further assessment, a matrix file containing the estimated O/D flows and a table file
containing estimated link flow volume [22].

3.5

Case Study
Huntsville, Alabama was used as the location for the case study. The study area

for the Metropolitan Planning Organization includes all of Madison County and part of
Limestone County shown in the following snapshot from Google Earth with well-defined
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Traffic Analysis Zones (TAZs). The metro area is around 947 square miles and has a
population of 363,210 people with 156,649 households [27]. Population and household
data are available as statewide block level shapefile for 2010 [27] and summarized in
ArcGIS to know the required values at the TAZ level.

Figure 3.1 Study Area

The Huntsville TAZ and network data were obtainable from an existing travel
demand model built in CUBE. The network shapefile was exported from CUBE and was
examined in ArcGIS to identify how different attributes are linked with a two-way and
one-way link. In TransCAD, values of many of fields (such as Capacity, Time) can vary
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by the direction along each link, and should be read as a pair of fields named "AB Time"
and "BA Time" [22]. On the other hand, the exported shapefile has two rows to define the
directional attributes in case of the two-way link. It means Cube represents two-way link
as duplicated polylines in two rows. Since ODME tool implemented in TransCAD was
used in our study, the network needs to be compatible with TransCAD. Modification of
the shapefile was carried out to represent directional attributes in one row with one
polyline. Based on the start and end node of a two-way link, additional rows in CUBE
network were added as columns, thus merging of two polylines into one was executed.
The network attributes were formatted in TransCAD environment to specify the
directional fields and the centroids to match the CUBE. The origin-destination table in
CUBE contained intrazonal trips which had to be removed from the analysis because the
ODME tool in TransCAD does not estimate trips intrazonal trips. The final Huntsville
network as displayed in TransCAD can be shown in Figure 3.2 where red dot locates the
centroids, green lines are for one-way links, and red lines are for centroid connectors.
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Figure 3.2 Setup of Huntsville Network in TransCAD 4.7

The model network in TransCAD contained many links representing the roadway
system of Huntsville, AL. The number of bidirectional links in the network is 3097, and
the number of one-way links is 1264. Also, there are 525 Traffic Analysis Zones in the
network of which 508 are internal zones, and 17 are external zones.

3.6

Data Formatting
Our study involves two modeling platforms because of input data availability in

CUBE and accessibility of ODME tool in TransCAD. A comparison of assigned flows
performed by CUBE and that of TransCAD for Huntsville network was mentioned earlier.
Furthermore, comparing the estimated O/D to the expected/existing O/D under simplified
scenarios was included. The following sections demonstrate the procedure along with the
results of statistical measures.
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The existing O/D table exported from CUBE is one of the inputs to run the
ODME tool in TransCAD. Network link attributes including link volume, time, and
speed were also gathered from CUBE where link volume was found after assigning the
original or existing O/D matrix in Cube following equilibrium assignment. Before, these
link volumes can be used as traffic counts, the original O/D matrix was assigned in
TransCAD by using equilibrium assignment.
To understand the requirement of an initial matrix in this study was inspected
through basic scenarios that are proportionate to the existing matrix. Link volumes or
flows were given as traffic counts that can be gathered from Cube by using UE
assignment and from TransCAD itself.
Prior matrix and counts are major inputs in O/D estimation by TransCAD. It has
been found from previous studies that there is a need for a prior matrix for a larger
network to minimize the gap between estimated O/D and actual O/D matrices. Link
volumes were regarded as counts to determine O/D matrix in TransCAD that were
collected from Cube through the use of equilibrium assignment. Scenarios that are
symmetrical to the original matrix are considered as best candidates to examine how
likely the exact matrix can be estimated by TransCAD. Based on the results of these
scenarios, further experimental scenarios can be developed and analyzed if needed.
Hence, simplified scenarios were made just dividing the actual or existing O/D by 100,
10 and 1.5 respectively that were treated as seed/base matrix to execute the TransCAD
ODME tool following User Equilibrium assignment. Each scenario consists of two types
of comparison such as
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Summarizing total attractions and productions by zone and determining
the difference of zonal trips between the corresponding Cube and
TransCAD zones – macroscopic level



Calculating the difference of each O/D pair trips between the
corresponding Cube and TransCAD O/D pairs – microscopic level

Root mean square error (RMSE), mean-absolute-error (MAE), selected
descriptive statistics and the Wilcoxon Signed Rank [28] [29] were performed in each
case at two levels (stated above) to gather valuable insight of the nature of TransCAD
O/D estimation tool in handling intricate network. Percent Dissimilarity is the ratio
between the numbers of observation at a certain level (where differences are not zero)
and the total ones. This study area has a total number of observations at O/D pair level of
275625 (525x525), and a total of 1050-production & attraction values at zonal level.
Results of the tests are in Table 3.1, Table 3.2 and Table 3.3.

Table 3.1 RMSE and MAE of the Difference between Estimated O/D and Original O/D
by Scenario
Scenario
Seed Matrix
divided by 100
Seed Matrix
divided by 10
Seed Matrix
divided by 1.5
Seed Matrix

Level
Microscopic
Macroscopic
Microscopic
Macroscopic
Microscopic
Macroscopic
Microscopic
Macroscopic

MAE
0.767
123.012
0.750
118.216
0.807
136.909
0.876
142.403
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RMSE
5.75
403.54
5.62
383.58
6.76
479.86
7.58
516.72

Table 3.2 Wilcoxon Test Statistic of the Difference between Estimated O/D and Original
O/D by Scenario
Scenario
Seed Matrix
divided by 100
Seed Matrix
divided by 10
Seed Matrix
divided by 1.5
Seed Matrix

Level
By O/D Pair
By Zone
By O/D Pair
By Zone
By O/D Pair
By Zone
By O/D Pair
By Zone

Wilcoxon
Statistic
1.46548E+10
236702.5
1.46300E+10
259441.5
1.50410E+10
281970.5
1.55654E+10
279299.0

N for Test*

P-Value

227156
1050
225945
1050
224828
1048
226014
1050

<0.001
<0.001
<0.001
0.094
<0.001
0.467
<0.001
0.729

* N for the test is the number of observation where the difference is not zero.

Table 3.3 Descriptive Statistics of the Difference between Estimated O/D and Original
O/D by Scenario
Scenario
Seed Matrix
divided by
100
Seed Matrix
divided by 10
Seed Matrix
divided by 1.5
Seed Matrix

Level

Minimum Maximum

By O/D Pair

-889.6

337.55

Sum of
Squares
9104755.76

%Dissimilarity

By Zone

-7408.2

1908.4

170993553.20

100.00%

By O/D Pair
By Zone
By O/D Pair
By Zone
By O/D Pair
By Zone

-868.25
-7099.8
-857.39
-9000.6
-1143.05
-8699.7

335.77
1910.3
366.68
2176.2
332.86
2266

8703657.97
154492990.80
12600500.00
241778507.70
15821881.51
280350120.70

81.98%
100.00%
81.57%
99.81%
82.00%
100.00%

82.42%

Although zonal trips are the summation of rows and columns of the square matrix
of O/D trips and include one cell twice while summarizing respective row and column, it
can be useful to compare the scenarios at this level. It was found that flows assigned by
Cube are statistically different from flows assigned by TransCAD. And it cannot be
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expected that O/D estimation tool can reproduce the exact matrix when the original
matrix was used as base one. As the seed matrix was impending to the exact one, none of
the statistics can reflect the similar trend except the Wilcoxon Signed Rank test results at
zonal level. Therefore, the similar sensitivity analysis can be conducted with assigned
flows by TransCAD.

3.6.1

Comparison between Estimated and Existing O/D with TransCAD Assigned
Flows
The above results reveal that the estimated O/D is significantly different from the

existing O/D at the microscopic level. These findings led to initiate the following analysis
and measure statistical parameters such as root mean square error, mean absolute error,
and the Wilcoxon Signed Rank test value.
Traffic can be assigned by TransCAD to the roadway network, and the assigned
flows can be used to estimate the O/D which can be compared with the existing O/D.
And scenarios can be generated based on varying the base/prior O/D in an anticipated
manner.
User Equilibrium and All or Nothing assignment methods were applied
respectively to assign the existing Cube O/D in TransCAD. Assigned link flows were
regarded as counts to determine O/D in TransCAD. In the same way, scenarios were
created just dividing the actual or existing O/D by 100, 10, 1.5, 1.3, and 1.1 respectively
that were fed into O/D estimation tool as seed/initial matrix. It can be noted that when All
or Nothing (AON) assigned flows were selected in defining the network, O/D estimation
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tool was run following the AON assignment and likewise, O/D estimation was carried out
with User Equilibrium assigned flows.
Root mean square error (RMSE), mean absolute error (MAE), selected descriptive
statistics and the Wilcoxon Signed Rank were performed in each case. It was observed
that the estimated O/D matrices under the scenarios for All-or-Nothing assignment do not
deviate from the original O/D matrix. The following tables show the results of stated
statistics for assessing the differences when equilibrium assignment was employed. See
Table 3.4, Table 3.5 and Table 3.6.

Table 3.4 RMSE and MAE of the Difference between Estimated O/D and Original O/D
by Scenario
Scenario
Seed Matrix
divided by 100
Seed Matrix
divided by 10
Seed Matrix
divided by 1.5
Seed Matrix
divided by 1.3
Seed Matrix
divided by 1.2
Seed Matrix
divided by 1.1

Level
Microscopic
Macroscopic
Microscopic
Macroscopic
Microscopic
Macroscopic
Microscopic
Macroscopic
Microscopic
Macroscopic
Microscopic
Macroscopic

MAE
0.681
80.906
0.619
67.766
0.440
51.29
0.420
45.755
0.457
54.001
0.130
22.564
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RMSE
4.46
196.61
4.03
166.52
5.15
179.29
5.18
166.74
5.78
201.18
1.26
55.26

Table 3.5 Wilcoxon Test Statistic of the Difference between Estimated O/D and Original
O/D by Scenario
Scenario
Seed Matrix
divided by 100
Seed Matrix
divided by 10
Seed Matrix
divided by 1.5
Seed Matrix
divided by 1.3
Seed Matrix
divided by 1.2
Seed Matrix
divided by 1.1

Level
By O/D Pair
By Zone
By O/D Pair
By Zone
By O/D Pair
By Zone
By O/D Pair
By Zone
By O/D Pair
By Zone
By O/D Pair
By Zone

Wilcoxon Statistic
1.19174E+10
208608.0
1.14396E+10
208213.5
9.75048E+09
235549.5
9.80223E+09
264878.0
1.02812E+10
280327.0
6.55629E+09
268988.0

N for Test
218570
1049
216692
1049
200926
1049
201099
1044
194779
1047
160133
1046

P-Value
0.380
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.420
<0.001
0.539
<0.001
0.623

* N for the test is the number of observation where the difference is not zero.

Table 3.6 Descriptive Statistics of the Difference between Estimated O/D and Original
O/D by Scenario
Scenario
Seed Matrix
divided by
100
Seed Matrix
divided by 10
Seed Matrix
divided by 1.5
Seed Matrix
divided by 1.3
Seed Matrix
divided by 1.2
Seed Matrix
divided by 1.1

Level

Minimum

Maximum

By O/D Pair

-540.22

189.51

Sum of
%Dissimilarity
Squares
5481634.958
79.300%

By Zone

-1999.89

1247.66

40588216.84

99.905%

By O/D Pair
By Zone
By O/D Pair
By Zone
By O/D Pair
By Zone
By O/D Pair
By Zone
By O/D Pair
By Zone

-477.92
-1450.6
-1748.45
-4100.59
-1819.7
-3957.76
-1901.44
-4251.41
-373.92
-701.47

185.11
891.1
144.61
930.41
156.06
856.28
172.62
832.3
94.85
418.22

4469507.192
29115106.14
7314082.23
33751551.1
7391096.12
29191296.05
9211818.97
42495722.73
437637.579
3206252.23

78.618%
99.905%
72.898%
99.905%
72.961%
99.429%
70.668%
99.714%
58.098%
99.619%
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As the seed matrix was close to the exact one, most of the statistics do not follow
any trend except %Dissimilarity at cellular/O/D pair level and the Wilcoxon Signed Rank
test results at zonal level. It has been observed that O/D estimation tool can reproduce the
exact matrix when the original matrix was used as seed one for UE Assignment since
TransCAD assigned flows were considered as count rather than using any random flows.
Therefore, it is required to have background knowledge of initial matrix to perform O/D
estimation in TransCAD for a larger network. At this point, our assumption is to use the
existing/current matrix as an initial matrix in our future estimation. The following section
covers further sensitivity analysis by removing link volumes from the study network that
can help to explore how it can affect the difference between the existing and estimated
matrices.

3.7

Link Removal Scenarios
User Equilibrium assignment method was applied to assign the existing Cube O/D

in TransCAD and assigned link flows were regarded as counts to determine O/D in
TransCAD. Factitious scenarios were formulated by removing 10%, 20%, 30%, 50%,
60%, 80%, and 90% of low volume links respectively after ordering those from high to
low. It can be noted that link with zero volume was kept unchanged. The existing Cube
O/D was fed into TransCAD as seed/initial matrix and O/D estimation was carried out
with User Equilibrium assigned flows.
Root mean square error (RMSE), mean absolute error (MAE), selected descriptive
statistics and the Wilcoxon Signed Rank were performed in each case. See Table 3.7,
Table 3.8 and Table 3.9.
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Table 3.7 RMSE and MAE of the Difference between Estimated O/D and Original O/D
by Scenario
Scenario
10% removal of
Link Volume
20% removal of
Link Volume
40% removal of
Link Volume
50% removal of
Link Volume
70% removal of
Link Volume
80% removal of
Link Volume
90% removal of
Link Volume

Level
Microscopic
Macroscopic
Microscopic
Macroscopic
Microscopic
Macroscopic
Microscopic
Macroscopic
Microscopic
Macroscopic
Microscopic
Macroscopic
Microscopic
Macroscopic

MAE
0.000059
0.031
0.0025
1.29
0.02
10.66
0.042
22.28
0.17
90.58
0.34
180.69
0.86
452.72

RMSE
0.015
0.35
0.16
4.98
0.47
28.31
0.79
50.47
1.78
139.67
2.67
270.41
5.73
702.65

Table 3.8 Wilcoxon Test Statistic of the Difference between Estimated O/D and Original
O/D by Scenario
Scenario
10% removal of
Link Volume
20% removal of
Link Volume
40% removal of
Link Volume
50% removal of
Link Volume
70% removal of
Link Volume
80% removal of
Link Volume
90% removal of
Link Volume

Level
By O/D Pair
By Zone
By O/D Pair
By Zone
By O/D Pair
By Zone
By O/D Pair
By Zone
By O/D Pair
By Zone
By O/D Pair
By Zone
By O/D Pair
By Zone

Wilcoxon Statistic
36.0
136.0
7503.0
11628.0
549676.0
98790.0
2609470.0
168490.0
81990415.0
350703.0
297375078.0
426426.0
1.94591E+09
498501.0

N for Test
8
16
122
152
1048
444
2284
580
12805
837
24387
923
62384
998

P-Value
0.014
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

* N for the test is the number of observation where the difference is not zero.
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Table 3.9 Descriptive Statistics of the Difference between Estimated O/D and Original
O/D by Scenario
Scenario
10% removal of
Link Volume
20% removal of
Link Volume
40% removal of
Link Volume
50% removal of
Link Volume
70% removal of
Link Volume
80% removal of
Link Volume
90% removal of
Link Volume

Level
By O/D Pair
By Zone
By O/D Pair
By Zone
By O/D Pair
By Zone
By O/D Pair
By Zone
By O/D Pair
By Zone
By O/D Pair
By Zone
By O/D Pair
By Zone

Minimum Maximum
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

5.36
5.36
25.00
40.90
44.84
230.65
103.30
405.00
193.83
806.13
237.67
1967.99
726.20
5979.10

Sum of
Differences
16.26
32.52
678.25
1356.50
5593.76
11187.52
11698.61
23397.22
47553.26
95106.52
94862.49
189724.98
237679.02
475358.00

%Dissimilarity
0.003%
1.524%
0.044%
14.476%
0.380%
42.286%
0.829%
55.238%
4.646%
79.714%
8.848%
87.905%
22.634%
95.048%

Our interest is mostly to look at the statistics at its cellular level rather than at its
zonal level since zonal row, and column summations include one cell twice. There is a
clear increasing trend of above statistics as the percentage of removal increases except for
the Wilcoxon Statistic. It has been observed that if the difference column contains all
zeros, Wilcoxon Statistic cannot be run. A p-value of Wilcoxon Signed Rank test states
that there is evidence of a significant median difference in two trip matrices (existing vs.
estimated) for all scenarios at a significance level of alpha of five percent. However, top
two scenarios have only 8 to 16 different cells out of 275625 cells and still fail to accept
the null hypothesis of Wilcoxon test. Thus, it can justify looking at other measures of
statistics. As expected Minimum value is always zero, and Sum of differences can be
incorporated while Sum of Squares was included in previous analyses. The following
table presents the percent O/D trips that are absent across the scenarios. See Table 3.10.
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Table 3.10 Percent Missing by Scenario
Sum of
Differences

Total Original O/D
Trips

%Missing

10% removal of Link Volume

16.260

1028459.28

0.002%

20% removal of Link Volume

678.250

1028459.28

0.066%

40% removal of Link Volume

5593.760

1028459.28

0.544%

50% removal of Link Volume

11698.610

1028459.28

1.137%

70% removal of Link Volume

47553.260

1028459.28

4.624%

80% removal of Link Volume

94862.490

1028459.28

9.224%

90% removal of Link Volume

237679.020

1028459.28

23.110%

Scenario

Statistical measures like %Dissimilarity, %Missing and Maximum can be checked
to decide at what level of removal is appropriate for a particular network. In this case, 50%
removal of network link volume after ordering those from high to low could be a proper
option if maximum deviation of 100 trips and 1% of mismatch or sacrificing of actual
trips are satisfactory.

3.8

Conclusion
This paper provides a case study highlighting the issues regarding the necessity of

a base/seed matrix, the number of available traffic counts/ link flows and their impact on
the quality of the generated origin-destination matrix.
It was our concern to determine whether a prior matrix in TransCAD for the case
network is essential or not. At first, the original/existing matrix obtained from CUBE was
assigned in CUBE and TransCAD. While testing the sensitivity of seed matrix, no pattern
was examined in most of the statistical parameters. However, it can be concluded that an
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existing matrix is a must for a larger network to perform O/D estimation in TransCAD,
and original matrix can be reproduced only if the link volumes used as count are similar
to the flows assigned by TransCAD following a specific assignment. At last, a further
sensitivity analysis was conducted by removing link volumes from the study network that
helps to focus on the results of few statistical measures such as %Dissimilarity, %Missing
and Maximum, and decide the level of removal of link volumes could be applicable for a
larger network.
Traffic Demand models can often be estimated more conveniently and cheaply
through the use of ODME than by the sequential four-step which demands costly traffic
surveys, and extensive amount of land use, socioeconomic, and demographic data for trip
generation. Moreover, traffic counts are much easier to obtain and are often already
available for other traffic related purposes that make this method be a very good option in
low-budget analyzes, where an existing (often old) matrix needs to be updated for
estimating a new traffic model.
The case study required 50 percent of the traffic counts to be present if sacrificing
of one percent trip is acceptable. Thus, a decision maker needs to examine their
percentage of traffic counts for estimating an origin-destination matrix. Considering that
most communities only model the major roadways in their network and these roads
almost always have traffic count data available, it is entirely probable that a sufficient
amount of traffic counts may already be on hand. The findings revealed in this paper will
assist large communities that want to estimate an origin-destination matrix without using
the traditional travel demand model.
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CHAPTER FOUR

4. DEVELOPMENT AND STATISTICAL VALIDATION OF A SIMPLIFIED
LOGISTIC LAND USE CHANGE MODEL
4.1

Introduction
Landscapes are dynamic, and change is one of their properties where humans

have always adapted their environment to better fit the needs and thus reshaped the
landscape. All the important driving forces towards the societal change are related to the
population growth and the lifestyle becoming increasingly urbaner and more mobile. The
analysis of the nature and causes of landscape changes in the past centuries show three
main driving forces such as accessibility, urbanization, and globalization that affected the
nature and pace of the changes as well as the perception people have had about the
landscape [30]. During the last decades, high rates of change causing unsustainable
development have attracted the attention of policy and planning and raised the need to
understand the factors behind it. The road network shows a continuous growth and the
built-up area a continuous expansion, both corresponding to positive transformation rates
that mean both contribute an increase in respective landscape elements [31].
Huntsville is the fastest growing major metro area in the state of Alabama,
accounted for 34% of Alabama’s Growth in population, and employment growth exceeds
Alabama as a whole. The community and local business owners continue to be very
positive, and the trend toward new growth is inevitable [32]. The efforts to understand
patterns and driving forces of urban growth or expansion have been analyzed in previous
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and recent studies, due to the intensified consequences of human activities on resources,
open spaces, and the environment. The rapid growth can be accompanied by the
disappearance of rural agricultural land, spatial fragmentation, and sustainability
challenges [33]. There is no doubt that the demand for urban land and the pressure for
sustainable development will increase in Huntsville near future. Better understanding and
managing of urban growth are critical to the development and sustainability in any city.
Because of the availability of relevant data and advanced tools to process and analyze
data it has been feasible to understand complex issues where urban growth or land
expansion and sustainability need to be addressed so that a proper balance can be
established in future land use planning.
In this study, land use change models were derived with and without the variables
related to urban sprawl and compared based on their statistical significance. The main
goal is to propose a simplified logistic model for Huntsville that can highlight the
probability of land use change by Traffic Analysis Zone (TAZ). The model performance
was assessed through different statistical measures. Validation approach demonstrates the
applications of measures of discrimination and calibration for a logistic regression model.
This study can help to improve the understanding of patterns and determinants of urban
growth and land expansion in Huntsville. The model can be very useful to forecast the
future probability of land use change and can be a substantial input in planning and
decision-making process.
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4.2

Literature Review
Spatial distribution of future land use is related to demand and development

supply, accessibility, spatial suitability of each piece of land, and decision-making results
of different decision-makers such as households, employment, governments, land owner,
and developers. It is required to know the land use variables used in recent Land Use
models that can be outlined as follows:


Bid-Rent- Analytical models based on real estate pricing, “willingness to
pay”, and utility maximization theory [34]

o Bid rent model is a geographical-economic theory that refers to how the
price and demand of real estate change with distance, as travel costs rise
with distance from the market (usually the Central Business District
(CBD)), rents of real estate tend to fall correspondingly [35]


Input-Output- Analytical models based on economic flow theory
(production/consumption of goods & services) [34]



Gravity/Logit- Analytical models founded on the concept of spatial
separation or accessibility similar to a gravity model used in many fourstep transportation models [34]



Microsimulation- Analytical models that use Monte Carlo and other
simulation techniques to estimate choices at the individual agent level
(like traffic simulation or activity-based models) [34]



Rule-Based- Those models that use rule-based decision trees. Sometimes
referred to as “gaming models” or “what if” models where choice
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probabilities are asserted using a given set of rules, sometimes based on
trend or historical observations [34]


An Integrated Bi-Level Model (Land Use/Transportation Model) Cellular automata (CA) along with agent-based model capture the spatial
drivers, human behaviors, and socioeconomic characteristics of land use
change [35]

o A genetic algorithm (GA) aims to maximize the combined spatially land
development suitability in CA model and households’ residential choice
preference, by solving a problem by the technique of examining a large
number of possible population feasible solutions based on the ranking of
assigned fitness values followed by cross-breeding and mutation methods
among highest individuals.
Other variables explored were those related to the construction costs and
developer choices, with respect to land use within the model. Factors with potentially
significant impact on land use include [34]:


Construction economy



Development and chronology of “dependent” land use



Soil conditions



Planning & zoning



Availability of utilities



Municipal (or other) incentives (or disincentives) that impact development

An integrated system dynamics and cellular automata model for urban growth
assessment used socioeconomic variables (such as per capita income, migration,
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population and urbanization level, etc.) and the spatial factors in urban land system (such
as slope, elevation, layout of road network and distance to city and sub-city centers, etc.)
respectively. It can be noted that the spatial factors/ land suitability factors also play
dominant roles in determining the spatial distribution of urban land growth [36].
The recent land use models/strategies that focus on human behaviors,
socioeconomic characteristics, distance, price/cost and uncertainty involved in making
the decision for implementing a new development (new household/new employment). It
is understandable that the models above are not appropriate to address our issue while a
simple model can estimate the likelihood of land use change for each TAZ in Huntsville.
Moreover, models can be compared with or without variables used in scoring urban
sprawl and can be applied to solve our stated problem. Because time and resources
required gathering data along with the building of specific model is the major
impediment, it is necessary to look at prevailing land use change model and the factors or
driving forces responsible for land use change.
A simplified logistic regression has been tested and has been proposed to quantify
the influences of explanatory variables on the probability of land use change [33], [36].
Variables used in an integrated system dynamics and cellular automata model for urban
growth assessment are socio-economic data such as per capita income, migration,
population and urbanization level, etc., and spatial factors in urban land system such as
slope, elevation, distance to major roads and distance to city and sub-city centers, etc. that
also play dominant roles in determining the spatial distribution of urban land growth [36].
A study on the probability of non-urban to urban land conversion includes the following
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variables shown in Figure 4.1 to detect the determinants of land use change using a
logistic model with values of 0 (no conversion) and 1 (with conversion) [33].

Figure 4.1 Variables Used in the Land Use Conversion Models [33]

The case study analyzed in later section uses the classic multivariate statistic
analysis in the modeling of land expansion. To quantify the influences of explanatory
variables on probability of urban land expansion, the classic logistic regression takes the
following forms [33]:

𝐶ℎ𝑎𝑛𝑔𝑒𝑃𝑟𝑜𝑏𝑖 =

𝑒 (𝐶+∑𝑘 𝛽𝑘 𝑋𝑘𝑖 )

Equation 4.1

1+𝑒 (𝐶+∑𝑘 𝛽𝑘 𝑋𝑘𝑖 )

𝐶ℎ𝑎𝑛𝑔𝑒𝑃𝑟𝑜𝑏

ln (1−𝐶ℎ𝑎𝑛𝑔𝑒𝑃𝑟𝑜𝑏𝑖 ) = (𝐶 + ∑𝑘 𝛽𝑘 𝑋𝑘𝑖 )

Equation 4.2

𝑖

Where, ChangeProb is the probability of land-use change to be regressed at
location i, C is constant, and βk is the parameter for individual explanatory variable Xki
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(k=1, 2, 3,……, n) that includes both socio-economic and spatial data. This classic
logistic regression model adequately explains the determinants of the probability of urban
land expansion from the global view [33].

4.3

Case Study
The Huntsville, Alabama Metropolitan Planning Area (MPA) includes all of

Madison County and part of Limestone County shown in the following snapshot from
Google Earth with well-defined Traffic Analysis Zones (TAZs). The metro area is around
947 square miles and has a population of 363,210 people with 156,649 households [27].
Population and household data are available as statewide block level shapefile for 2010
[27] and summarized in ArcGIS to know the required values at MPA level. There are 525
Traffic Analysis Zones in the network of which 508 are internal zones, and 17 are
external zones.
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Figure 4.2 Study Area

Following sections contain several essential parts to explain the
response/dependent variable and explanatory variables, analysis and results, and
validation process.

4.4

Data/Variables
Data were collected mostly from US census for the year 2000 and 2010. The

variables can be divided into two broad categories as follows:
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4.4.1

Independent Variables
The variables considered building our first logistic regression model are as

follows:
Table 4.1 Explanatory Variables
Category

Variables
Distance to Major Roads in Feet
Proximity Variables - Nearest
Distance to Major City Centers in Feet
distance to the respective item
Distance to River in Feet
from each TAZ
Distance to Railways in Feet
Open Water
Developed, Open Space
Developed, Low Intensity
Developed, Medium Intensity
Developed, High Intensity
Barren Land
Deciduous Forest
Neighborhood Percentage Percent Type of Landuse for
Evergreen Forest
each TAZ
Mixed Forest
Shrub/Scrub
Herbaceuous
Hay/Pasture
Cultivated Crops
Woody Wetlands
Emergent Herbaceous Wetlands
Measures of Accessibility by Road Length in Miles
TAZ
Road density (Miles per Sq Miles)
Mean Elevation in Meter
Zonal Surface Parameters
Mean Slope Percent (45 degree is
100%)

Source
Tiger [27]
Tiger [27]
Tiger [27]
Tiger [27]
NLCD [37]
NLCD [37]
NLCD [37]
NLCD [37]
NLCD [37]
NLCD [37]
NLCD [37]
NLCD [37]
NLCD [37]
NLCD [37]
NLCD [37]
NLCD [37]
NLCD [37]
NLCD [37]
NLCD [37]
Tiger [27]
Tiger [27]
DEM [38]
DEM [38]

Refined versions of the indices capture four distinct dimensions of sprawl for
instance development density, land use mix, population and employment centering, and
street accessibility. Compactness indices/sprawl-like metrics for census tracts within
metropolitan areas were derived through the use of following variables together with the
equations (shown in Table 4.2 and Table 4.3) as in larger area analyzes (metropolitan
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area, urbanized area, and county sprawl metrics) [39]. These variables used in urban
sprawl indexing were employed to develop another model that can be compared with the
previous model. Because of unavailability of Walk Score related data, a new variable was
introduced to measure the walkability. From any grocery shop to a TAZ block, if the
nearest distance is within 1.5 miles, those values were inversed and weighted by the sum
of block level population and employment as a percentage of the TAZ total to obtain
Grocery/Amenity reachability index.
Employment data are accessible from the Local Employment Dynamics (LED)
database that is assembled by the Census Bureau through a voluntary partnership with
state labor market information agencies [39]. Workplace Area Characteristic data are
collected at census block geography level and can be aggregated to any larger geography,
in this case, Traffic Analysis Zone when it is required. LED data were processed for the
year 2002 and 2010 that included a total number of jobs, and the number of employment
by two-digit NAICS (North American Industry Classification System) code. The data
were aggregated to generate total jobs by one-digit NAICS code for every block under
any particular TAZ.

Table 4.2 Variables Used in Measuring Sprawl Indices
Category

Variables
Gross Population density
Density Factor
Gross Employment density
Job-Population balance
Mix Use
Degree of Job mixing
Factor
Grocery/Amenity reachability index
Intersection density
% 4 or more way intersection
Street Factor
Average Block Size
Percent of Small blocks (<1/100 sq miles)
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Source
Tiger [27], [40]
LED [41]
Tiger [27], LED [41], [40]
LED [41]
Tiger [27], Google Earth
Tiger [27]
Tiger [27]
Tiger [27], [40]
Tiger [27], [40]

Table 4.3 Equations to Determine New Variables
Variables
Gross Population
density
Gross
Employment
density
Job-Population
balance
Degree of Job
mixing
Grocery/Amenity
reachability
index (distance
<= 1.5 miles)
Intersection
density
% 4 or more way
intersection
Average Block
Size
Percent of Small
blocks (<1/100
square miles)

Equations
𝑇𝑜𝑡𝑎𝑙 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 ⁄𝐴𝑟𝑒𝑎
𝑇𝑜𝑡𝑎𝑙 𝐸𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡 ⁄𝐴𝑟𝑒𝑎
𝑛

∑(1 − (𝐴𝐵𝑆(𝐽𝑖 − 𝐽𝑃 ∗ 𝑃𝑖 ))/(𝐽𝑖 + 𝐽𝑃 ∗ 𝑃𝑖 ) ∗ ((𝐵𝐽𝑖 + 𝐵𝑃𝑖 )/(𝑇𝐽 + 𝑇𝑃))
𝑖=1

𝑛

∑ ∑ (𝐴𝐵𝑆((𝑃𝑗 ∗ ln 𝑃𝑗 )/ ln 𝑗) ∗ ((𝐵𝐽𝑖 + 𝐵𝑃𝑖 )/(𝑇𝐽 + 𝑇𝑃))
𝑖=1

𝑗

𝑛

∑ (1⁄𝑑𝑖𝑠𝑡) ∗ ((𝐵𝐽𝑖 + 𝐵𝑃𝑖 )/(𝑇𝐽 + 𝑇𝑃))
𝑖=1

𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐼𝑛𝑡𝑒𝑟𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑠 ⁄𝐴𝑟𝑒𝑎
𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 4𝑤𝑎𝑦 𝐼𝑛𝑡𝑒𝑟𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑠 ⁄𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐼𝑛𝑡𝑒𝑟𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑠
𝐴𝑟𝑒𝑎 ⁄𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑙𝑜𝑐𝑘𝑠
𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑆𝑚𝑎𝑙𝑙 𝐵𝑙𝑜𝑐𝑘𝑠 ⁄𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑙𝑜𝑐𝑘𝑠

Where, i is the census block number, n is the number of blocks in the TAZ, Ji or
BJi is jobs in census block, Pi or BPi is residents in census block, JP is jobs per person in
the metropolitan area, TJ is the total jobs in the TAZ, Pj is proportion of jobs in sector j,
and j is the number of sectors.
Figure 4.3 shows the detail of the variables under the category of Neighborhood
Percentage.
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Figure 4.3 Type of Land Use by National Land Cover Database (NLCD) [37]
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4.4.2

Dependent Variable
National Land Cover Database (NLCD) serves as the definitive Landsat-based,

30-meter resolution, land cover database for the Nation. It is a raster dataset providing a
spatial reference for land surface classification (for example, urban, agriculture, forest)
and can be processed to any geographic unit [39]. It provides not only land cover data
(LCD) by year (2001 or 2011) but also land cover change data (LCCD) from the year
2001 to 2011. The total area for a particular type of development can be summarized at
TAZ level using ArcGIS. Based on the relative probability of development or the percent
developed between 2001 and 2011 can be a good estimator to identify the necessary
dependent variable. The following Table shows different types of development classified
by NLCD.
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Table 4.4 Type of Developed Land Use by National Land Cover Database (NLCD) [37]
21

22

23

24

Developed
Developed, Open Space - areas with a
mixture of some constructed materials, but
mostly vegetation in the form of lawn
grasses. Impervious surfaces account for less
than 20% of total cover. These areas most
commonly include large lot single-family
housing units, parks, golf courses, and
vegetation planted in developed settings for
recreation, erosion control, or aesthetic
purposes.
Developed, Low Intensity - areas with a
mixture of constructed materials and
vegetation. Impervious surfaces account for
20% to 49% percent of total cover. These
areas most commonly include single-family
housing units.
Developed, Medium Intensity areas with a
mixture of constructed materials and
vegetation. Impervious surfaces account for
50% to 79% of the total cover. These areas
most commonly include single-family
housing units.
Developed, High Intensity -highly developed
areas where people reside or work in high
numbers. Examples include apartment
complexes, row houses and
commercial/industrial. Impervious surfaces
account for 80% to 100% of the total cover.

DO

DL

DM

DH

It is needed to understand the raster database involved above colored features that
can provide the likelihood estimates of development between 2001 and 2011. Since it is a
binary logistic regression model, the estimation of dependent variable which is either 0 or
1 must be done in a very conservative manner. For instance, DO or DL for some TAZs
cannot represent the development concentration as much as DM and DH can. Therefore,
a three level of estimation of likelihood can be considered where DO and DL can be ruled
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out to show the high-density development. After that, to determine the extent of
development occurred, the following measures were calculated for all TAZs. Table 4.5
gives an idea of the measures of development which are presented in sample example
later.

Table 4.5 Measures of Development
Intensity

Inclusion Type

Probability of Land Use
Change
Ratio of Land Cover
Change Data (between
2001 and 2011) by TAZ to
that of total for the study
area

Low

DO+DL+DM+DH

Medium

DL+DM+DH

Ratio of Land Cover
Change Data (between
2001 and 2011) by TAZ to
that of total for the study
area

High

DM+DH

Ratio of Land Cover
Change Data (between
2001 and 2011) by TAZ to
that of total for the study
area

Percent Change
Ratio of Land Cover
Change Data (between
2001 and 2011) by
TAZ to 2001 Land
Cover Data by
respective TAZ
Ratio of Land Cover
Change Data (between
2001 and 2011) by
TAZ to 2001 Land
Cover Data by
respective TAZ
Ratio of Land Cover
Change Data (between
2001 and 2011) by
TAZ to 2001 Land
Cover Data by
respective TAZ

Depending on the inclusion type such as considering all kinds of development or
medium through high level development, intensity level can be drawn to classify the
distribution of development. Based on the intensity, relative probability and percent
change can be defined as follows:


Percent change for low intensity includes all kinds of development
(%change DO to DH)
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Probability of change for low intensity includes all kinds of development
(prob to change DO to DH)



Percent change for medium intensity includes low, medium and high
developments (%change DL to DH)



Probability of change for medium intensity includes low, medium and
high developments (prob to change DL to DH)



Percent change for high intensity includes medium and high developments
(%change DM to DH)



Probability of change for high intensity includes medium and high
developments (prob to change DM to DH)

At this point, it is needed to rank each TAZ based on the percentiles of above
measures. Since binary logistic regression requires 0 and 1 value as the response variable,
the ranking was implemented at 50 percentile value of each measure. For instance, if a
TAZ value falls below 50 percentile value of a particular measure, 0 was assigned against
that TAZ and vice versa. Overall rank was chosen by the mode of all ranks so that the
ranking of six measures can be summarized into one dimension. Doing this yields a
number (either 0 or 1) to represent the approximate likelihood of development by TAZ,
that means, higher the value, more expansion can be expected by a TAZ.
4.4.2.1 Sample Example
Area deduced by the number of cells (30 by 30 m) under the category of
“Developed” can be gathered and presented as follows for TAZ 394.
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Table 4.6 Value of Land Use Change and Land Cover for TAZ 394
Traffic Zone 394
VALUE_21
VALUE_22
VALUE_23
VALUE_24
Developed Open to High
Developed Low to High
Developed Med to High

Land Use Change between 2001
and 2011
0
3600
11700
0
15300
15300
11700

Land Cover for 2001
837000
272700
64800
1800
1176300
339300
66600

As illustrated, the following measures were calculated, and ranking was assigned
based on the 50 percentile value of the corresponding measure. Tables 4.7 through 4.9
demonstrate the steps to determine the overall rank for TAZ 394 that is the mode of all
ranks and was used as our binary dependent variable.
Table 4.7 Value of Relative Development Measures for TAZ 394
Traffic Zone
Percent Change Open to High
Probability of change Open to high
Percent Change Low to High
Probability of change Low to high
Percent Change Med to High
Probability of change Med to high

394
1.30%
0.02%
4.51%
0.03%
17.57%
0.05%

Table 4.8 50 Percentile Value of the Relative Development Measures for Study Area
Measures
Percent Change Open to High
Probability of change Open to high
Percent Change Low to High
Probability of change Low to high
Percent Change Med to High
Probability of change Med to high

50 Percentile Value
4.06%
0.03%
6.45%
0.04%
20.00%
0.05%
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Table 4.9 Binary Ranking of Relative Development Measures for TAZ 394
Traffic Zone
Rank (Percent Change Open to High)
Rank (Probability of Change open to high)
Rank (Percent Change Low to High)
Rank (Probability of change Low to high)
Rank (Percent Change Med to High)
Rank (Probability of change Med to high rank)
Mode of the Ranks

4.5

394
0.00
0.00
0.00
0.00
0.00
1.00
0

Analysis and Results
This section describes model development procedure and comparison of

preliminary and final models.
Binary logistic regression analysis was performed using Minitab with and without
considering the variables used in measuring urban sprawl, where independent variables
are from the year 2000. It involves stepwise selection of terms with a significance level of
alpha of 0.15 to enter or remove from the model. Models can be named as preliminary
(without sprawling variables) model and final (with sprawling variables) model. The
results of both analyses can be presented as follows:
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Table 4.10 Deviance Table
Preliminary Model
DF
Adj Dev
12.00
167.32

Source
Regression
Distance to
Major Roads in
Feet
Distance to
River in Feet
Open Water
Developed,
Open Space
Developed,
High Intensity
Shrub/Scrub

Woody
Wetlands
Road Length in
Miles
Mean Elevation
in Meter
Mean Slope
Percent (45
degree is 100%)
Distance to
Major City
Centers in Feet
Road density
(Miles per Sq
Miles)

Error
Total

P-Value
<0.01

1.00

5.90

0.02

1.00

10.75

<0.01

1.00

2.68

0.10

1.00

5.64

0.02

1.00

3.24

0.07

1.00

5.38

0.02

1.00

6.38

0.01

1.00

10.63

<0.01

1.00

6.52

0.01

1.00

20.45

<0.01

1.00

21.69

<0.01

1.00

75.03

<0.01

495.00
507.00

536.79
704.11

Source
Regression
Distance to
Major Roads in
Feet
Distance to
River in Feet
Open Water
Developed,
High Intensity
Cultivated
Crops
Woody
Wetlands
Road Length in
Miles
Mean Elevation
in Meter
Mean Slope
Percent (45
degree is 100%)
Distance to
Major City
Centers in Feet
Road density
(Miles per Sq
Miles)
Gross
Population
density
Gross
Employment
density
Degree of Job
mixing
Average Block
Size
Error
Total

Final Model
DF
Adj Dev
15.00
197.664

P-Value
<0.001

1.00

3.793

0.051

1.00

9.019

0.003

1.00

3.9

0.048

1.00

8.16

0.004

1.00

2.56

0.11

1.00

6.53

0.011

1.00

15.70

<0.001

1.00

7.03

0.008

1.00

26.47

<0.001

1.00

22.19

<0.001

1.00

32.30

<0.001

1.00

16.19

<0.001

1.00

9.38

0.002

1.00

7.86

0.005

1.00

10.11

0.001

492.00
507.00

506.45
704.11

Deviance Table (See Table 4.10) displays the likelihood ratio test p-values for the
coefficients. There is sufficient evidence that the coefficients are not zero using an alpha67

level of 0.15. The p-value for the overall regression tests the null hypothesis that all the
coefficients for predictors are equal to zero. The alternative hypothesis is that at least one
of the coefficients for a predictor is not equal to zero [28]. Here, the p-value is close to
zero. This p-value indicates that there is sufficient evidence that at least one of the
coefficients is different from zero in both models. However, deviance of final model is
less than that of preliminary because of additional variables, and a smaller value of
deviance indicates an improvement in fit.
Model Summary (See Table 4.11) displays the statistics to compare how well
different models fit the data. Higher values of deviance R-Sq and adjusted deviance R-Sq
indicate a better fit while smaller values of Akaike Information Criterion (AIC) indicate a
better fit [28]. The preliminary model does not have better-fit statistics comparing to the
final model.
Table 4.11 Model Summary
Model
Preliminary
Final

Deviance R-Sq
23.76%
28.07%

Deviance R-Sq(adj)
22.06%
25.94%

AIC
562.79
538.45

Table 4.12 shows the estimated coefficients, standard error of the coefficients, and
variance inflation factors (VIF). The estimated coefficient represents the change in the
log of P(1)/P(0) with a 1 unit increase in the respective term, where P(1) is the probability
of the value of response of 1. There are coefficients which are very close to zero and their
odds ratios indicate that a 1 unit increase in particular variable minimally affects the land
use change [28]. Variables can be filtered based on the odds ratio and the value of the
coefficient. Distance to Major Roads in Feet, Distance to River in Feet and Distance to
Major City Centers in Feet could be omitted to present the preliminary model. Distance
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to Major Roads in Feet, Distance to River in Feet and Distance to Major City Centers in
Feet could be eliminated to present the final/full model.
Table 4.12 Variable Coefficients and Odds Ratios for Continuous Predictors

Term
Constant
Distance to
Major
Roads in
Feet
Distance to
River in
Feet
Open Water

Preliminary Model
Coef
SE Coef

VIF

Odds

0.02

1.50

-0.000031

0.000013

2.4

1.00

-0.00002

0.000006

3.7

1.00

-7.93

4.83

1.4

0.0004

2.63

1.14

1.8

13.83

-2.60

1.50

1.6

0.0744

9.17

4.06

1.5

9560

Woody
Wetlands

-6.18

2.42

1.6

0.0021

Road
Length in
Miles

0.0615

0.0212

1.4

1.0634

Mean
Elevation
in Meter

0.02143

0.00859

7.5

1.022

-0.2254

0.0518

5.2

0.798

-0.000029

0.000006

2.6

1.00

-0.251

0.0339

2.8

0.778

Developed,
Open Space
Developed,
High
Intensity
Shrub
/Scrub

Mean Slope
Percent (45
degree is
100%)
Distance to
Major City
Centers in
Feet
Road
density
(Miles per
Sq Miles)

Term
Constant
Distance to
Major
Roads in
Feet
Distance to
River in
Feet
Open Water
Developed,
High
Intensity

Final Model
Coef
SE Coef

VIF

Odds

1.46

1.61

-0.000025

1.3E-05

2.5

1.000

-0.000019

6E-06

3.9

1.000

-10.09

5.07

1.4

0.000

-5.21

1.92

2.2

0.0055

-1.371

0.856

2.3

0.2538

-6.60

2.52

1.6

0.0014

0.0865

0.0249

1.6

1.0903

0.02322

0.00898

7.5

1.0235

-0.2714

0.0551

5.4

0.7623

-0.000033

7E-06

3.1

1.000

-0.2211

0.0417

3.9

0.8017

Gross
Population
density

-0.000615

0.00017

2.6

0.9994

Gross
Employme
nt density

-0.000248

8.9E-05

2.3

0.9998

Cultivated
Crops
Woody
Wetlands
Road
Length in
Miles
Mean
Elevation
in Meter
Mean
Slope
Percent (45
degree is
100%)
Distance to
Major City
Centers in
Feet
Road
density
(Miles per
Sq Miles)
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Preliminary Model
Coef
SE Coef

Term

VIF

Final Model
Coef
SE Coef

VIF

Odds

Degree of
Job mixing

2.514

0.921

1.7

12.3516

Average
Block Size

-5.52

1.81

2.3

0.004

Odds

Term

Regression Equation displays the transformation that changes the linear equation
into a predicted probability and a linear equation for predictors that includes continuous
variables after eliminating insignificant variables at an alpha level of 0.15.
Regression Equation
𝑃(1) =

𝑒 𝑌′
1+𝑒 𝑌′

𝑌 ′ = (𝐶 + ∑ 𝛽𝑘 𝑋𝑘𝑖 )
𝑘

Preliminary Model
Y'= 0.02 - 0.000031 Distance to Major Roads in Feet- 0.000020 Distance to River in Feet
- 7.93 Open Water + 2.63 Developed, Open Space - 2.60 Developed, High Intensity
+ 9.17 Shrub/Scrub - 6.18 Woody Wetlands + 0.0615 Road Length in Miles
+ 0.02143 Mean Elevation in Meter - 0.2254 Mean Slope Percent (45 degree is 100%)
- 0.000029 Distance to Major City Centers in Feet - 0.2510 Road density (Miles per
Sq Miles)
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Final Model
Y' = 1.46 - 0.000025 Distance to Major Roads in Feet - 0.000019 Distance to River in
Feet - 10.09 Open Water - 5.21 Developed, High Intensity - 1.371 Cultivated Crops 6.60 Woody Wetlands + 0.0865 Road Length in Miles + 0.02322 Mean Elevation in
Meter - 0.2714 Mean Slope Percent - 0.000033 Distance to Major City Centers in
Feet - 0.2211 Road density - 0.000615 Gross Population density - 0.000248 Gross
Employment density + 2.514 Degree of Job mixing - 5.52 Average Block Size

The primary tool for most process modeling applications is summary measures of
goodness-of fit from a fitted model that provide information on the adequacy of different
aspects of the model. The logistic regression with binary data is the area in which
graphical residual analysis can be difficult to interpret as a model validation [42].
Table 4.13 for Goodness-of-Fit Tests displays Pearson, deviance, and HosmerLemeshow goodness-of-fit tests. The goodness-of-fit tests excluding Pearson, with pvalues ranging from 0.09 to 0.96 that are greater than an alpha-level of 0.05, indicate that
there is insufficient evidence to claim that the model does not fit the data adequately.
Since two out of three tests fail to reject the null hypothesis of an adequate fit, it can be
concluded that both models are well fitted and valid [28].
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Table 4.13 Goodness-of-Fit Tests
Model
Preliminary

Final

Test
Deviance
Pearson
Hosmer-Lemeshow
Deviance
Pearson
Hosmer-Lemeshow

DF
495
495
8
492
492
8

Chi-Square
536.79
1245.24
2.56
506.45
1913.53
7.96

P-Value
0.09
<0.01
0.96
0.317
<0.001
0.438

Based on the above statistics, it can be stated that model with sprawling variables
presents a better fit. It can be observed that new variables exert a great impact on urban
expansion specially Average Block Size and Degree of Job Mixing. The final model
effectively explains the determinants of the probability of urban land expansion. The
sprawling nature of Huntsville is somewhat reflected from our logistic model.

4.6

Statistical Validation
Since the fitted model performs in an optimistic manner on the fitting sample, it

can be expected to have a lower performance of the model on the validation sample. Our
focus is to measure the predictive ability of a model that can accurately predict the
outcome variable on new subjects. To quantify the closeness of the model’s probability
estimates to the correct outcome values, it is our interest to evaluate the fitting sample
and the validation sample as well. In some situations, it may be possible to obtain a new
sample of data from the same population and can then be used to assess the goodness-offit of a previously developed model. This type of assessment is called external validation
which is the most stringent and unbiased test for the model and the entire data collection
process. However, it is not possible to obtain a new independent external sample from the
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same population or a similar one. That leads to doing an internal validation of the model
which includes several accredited methods such as data-splitting, repeated data-splitting,
jackknife technique and bootstrapping, etc. The core concept of these methods is to
exclude a subsample of observations, develop a model based on the remaining subjects,
and then test the model in the originally excluded subjects [43].
Here, the repeated data splitting approach was implemented where data were split
randomly into the fitting and validation samples without replacement by 75% and 25%
respectively. The fitting sample is used to fit the model while the validation sample is
used to evaluate its performance based on a two by two table known as confusion matrix.
Logistic regression was performed for 10 times, and the average values were determined
to propose the ultimate land use change model since each iteration is based on a different
split of the original data, it results in different model coefficients, significance levels, and
performance values [43]. Confusion matrix outlined as follows was determined using
MATLAB to validate the model [44].

Figure 4.4 Confusion Matrix
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To assess the model’s quality of fit, the distributions of the estimates need to be
averaged around the same values as the estimates computed on the whole original sample.
If this does not happen, the model cannot be validated because of its internal instability.

4.6.1

The Model’s Quality of Fit
The following table presents the parameters’ estimates computed on the full

sample of 508 TAZs, and the information describing the fitting distribution of their
estimates of coefficients.

Table 4.14 Quality of the model’s fit: Stability of the parameters’ estimates
Term
Constant
Distance to Major Roads
in Feet
Distance to River in Feet
Open Water
Developed, High Intensity
Cultivated Crops
Woody Wetlands
Road Length in Miles
Mean Elevation in Meter
Mean Slope Percent (45
degree is 100%)
Distance to Major City
Centers in Feet
Road density (Miles per
Sq Miles)
Gross Population density
Gross Employment
density
Degree of Job mixing
Average Block Size

1.46000

Model Fitted with 75% of Data - 10 Iterations
Median
IQR/2
~ C Var
Minimum
Maximum
2.23000
0.69250 31.05%
-0.53000
3.830000

-0.00003

-0.00003

0.00001

-27.78%

-0.00004

-0.000015

-0.00002
-10.0900
-5.21000
-1.37100
-6.60000
0.08650
0.02322

-0.00002
-9.75000
-5.34000
-1.37900
-6.21000
0.08600
0.02005

0.00000
2.07000
1.27000
0.32900
2.01000
0.00899
0.00499

-26.47%
-21.23%
-23.78%
-23.86%
-32.37%
10.45%
24.89%

-0.00003
-14.69000
-6.67000
-2.22000
-9.25000
0.06100
0.01230

-0.000011
-0.390000
0.420000
-0.722000
-3.390000
0.116300
0.038100

-0.27140

-0.27590

0.02935

-10.64%

-0.35000

-0.216600

-0.00003

-0.00003

0.00000

-7.35%

-0.00004

-0.000025

-0.22110

-0.23040

0.03030

-13.15%

-0.30900

-0.191400

-0.00062

-0.00055

0.00013

-24.22%

-0.00081

-0.000413

-0.00025

-0.00025

0.00006

-23.67%

-0.00037

-0.000184

2.51400
-5.52000

2.45400
-6.02500

0.41100
1.04650

16.75%
-17.37%

1.77000
-7.66000

3.510000
-4.030000

Full
Model
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Where, IQR/2 is half of the interquartile range, C Var is the ratio between IQR/2
and the Median.
The variability is moderate, indicating the presence of some degree of overfitting.
As the model validates outside the available sample, the parameter’s estimates computed
on the full sample has been used that can be given as follows:

𝑃(1) =

𝑒 𝑌′
1+𝑒 𝑌′

𝑌 ′ = (𝐶 + ∑ 𝛽𝑘 𝑋𝑘𝑖 )
𝑘

Y' = 1.46 - 0.000025 Distance to Major Roads in Feet - 0.000019 Distance to River in
Feet - 10.09 Open Water - 5.21 Developed, High Intensity - 1.371 Cultivated Crops 6.60 Woody Wetlands + 0.0865 Road Length in Miles + 0.02322 Mean Elevation in
Meter - 0.2714 Mean Slope Percent - 0.000033 Distance to Major City Centers in
Feet - 0.2211 Road density - 0.000615 Gross Population density - 0.000248 Gross
Employment density + 2.514 Degree of Job mixing - 5.52 Average Block Size

Table 4.15 presents the overall significance of the model and the partial
significance of each of the covariates. Again, both the information related to the full
model and the information describing the fitting distribution was included. The overall
regression model has not only a very high significance both on the full sample (overall pvalue = 0.000) and on the 10 Iterated - fitting samples (median of the overall p-value
fitting distribution = 0.000; interquartile range = 0.000) but also there is no variability
between p-values. All the covariates in the model are significant an alpha value of 0.15
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except one variable (Cultivated Crops). As for the quality of the model’s fit, it can be
concluded that the model is highly significant though this results in some degree of
overfitting because of the variability in the estimates of the model’s parameters over the
10 fitting samples.

Table 4.15 Quality of the model’s fit: Significance
Item
Regression
Distance to Major Roads
in Feet
Distance to River in Feet
Open Water
Developed, High Intensity
Cultivated Crops
Woody Wetlands
Road Length in Miles
Mean Elevation in Meter
Mean Slope Percent (45
degree is 100%)
Distance to Major City
Centers in Feet
Road density (Miles per
Sq Miles)
Gross Population density
Gross Employment
density
Degree of Job mixing
Average Block Size

4.6.2

Full
Model
<0.001

Model Fitted with 75% of Data - 10 Iterations
Median
IQR/2
~ C Var
Minimum
Maximum
No
<0.001
<0.001
<0.001
<0.001
Change

0.051

0.0755

0.11125

147.35%

0.017

0.343

0.003
0.048
0.004
0.110
0.011
<0.001
0.008

0.0265
0.0830
0.0290
0.1690
0.0285
0.0010
0.0475

0.02925
0.15000
0.13650
0.10365
0.05900
0.00200
0.04400

<0.001
0.012
0.001
0.037
0.003
<0.001
<0.001

0.118
0.960
0.881
0.451
0.312
0.016
0.249

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.002

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.0020

0.00213

110.38%
180.72%
470.69%
61.33%
207.02%
200.00%
92.63%
No
Change
No
Change
No
Change
106.25%

<0.001

0.018

0.002

0.0065

0.01875

288.46%

<0.001

0.073

0.005
0.001

0.0160
0.0025

0.02500
0.01225

156.25%
490.00%

0.001
0.001

0.088
0.055

Generalizability of the Model

In order for the model to be validated, model performance was assessed by comparing the
actual value to the predicted one through the use of the following measures.
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Figure 4.5 presents the information concerning discrimination that can be referred
to as the ability of the model to distinguish correctly the two classes of outcomes [43]. In
all cases, accuracy is more than 70% for the validation sample when the cutoff point or
threshold was 0.5 to classify the predicted probabilities.
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Figure 4.5 Results of Confusion Matrix for Validation Sample with 25% data – 10
Iterations

A widely used statistic produced by Hosmer and Lemeshow to test the ability of a
given model to calibrate, has the following format [43]:

𝝌𝟐 = ∑

𝟏𝟎

(𝑶𝒋 −𝒏𝒋 𝑷𝒋 )𝟐

Equation 4.3

𝒋=𝟏 𝒏𝒋 𝑷𝒋 (𝟏−𝑷𝒋 )

79

Where, nj, Oj, and Pj are respectively the number of observations, the number of
positive outcomes (value of 1) and the average predicted probabilities for the jth group.
Hosmer and Lemeshow Chi-squared statistic was computed for the validation
samples to measure of how close the predicted probabilities are to the observed rate of
the positive outcome. If an observed Chi-squared value less than the critical value of the
Chi-squared distribution with Q-2 degrees of freedom at 0.05 alpha level, indicates good
calibration [43].
Estimated Chi-square value is smaller than the critical value with 8 degrees of
freedom for all iterations at an alpha level of 0.05 (that is 15.51) except for one iteration
(shown in Table 4.16). It can be interpreted that the calibration on the validation samples
is excellent.

Table 4.16 Amount of Misclassification and Hosmer and Lemeshow Test Statistic
Iteration No
Iteration 1
Iteration 2
Iteration 3
Iteration 4
Iteration 5
Iteration 6
Iteration 7
Iteration 8
Iteration 9
Iteration 10

Confusion Value - fraction of samples
misclassified
0.213
0.252
0.244
0.252
0.283
0.220
0.228
0.268
0.276
0.213
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Chi-squared statistic
7.235
5.439
4.961
7.993
7.371
9.128
5.071
11.963
15.726
12.401

4.7

Conclusion
The purpose is to build a simplified logistic model for Huntsville that can

highlight the probability of land use change by Traffic Analysis Zone (TAZ). To do so,
land use change models were derived with and without the variables related to urban
sprawl and compared based on their statistical significance. The model with sprawling
variables presents a better fit and effectively explains the determinants of the probability
of urban land expansion. The sprawling nature of Huntsville is somewhat reflected from
our logistic model.
It can be observed that new variables exert a great impact on urban expansion
specially Average Block Size and Degree of Job Mixing. Other common variables, such
as the proximity variables have minor effects on land conversion probability. Among
neighborhood percentage variables, Open Water has the strongest negative effect on land
conversion probability, followed by Woody Wetlands, Developed, High Intensity and
Cultivated Crops. It can suggest that these variables restrict urban land expansion.
Altogether, neighborhood and proximity variables imply that large-scale urban land
development is not highly dependent on existing development or urban centers. Among
zonal and accessibility variables, Slope and Road Density have greater influence than
Road Length and Elevation. It has been found that the model with new variables is more
significant (especially variables Average Block Size and Degree of Job Mixing) and
should be included in developing land use change model for other location.
It can be concluded that our final model is very significant and can be used in
predicting the future probability of land use trend since it balances between two
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dimensions of performance namely measure of discrimination and calibration in order to
find the best trade-off.
Finally, this model can be utilized to forecast the likelihood/probability of land
use change at TAZ level (such as 2020) since independent variables (such as 2010) are
easily obtainable. The results can be useful in updating Travel Demand Models or Land
Use Models, thus, it can help planners and decision makers in articulating and comparing
different planning scenarios.

4.8
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CHAPTER FIVE

5. MEASURING URBAN SPRAWL INDICES AT TRAFFIC ANALYSIS ZONE
(TAZ) LEVEL
5.1

Introduction
Landscapes are dynamic, and change is one of their properties where humans

have always adapted their environment to better fit the needs and thus reshaped the
landscape. All the important driving forces towards the societal change are related to the
population growth and the lifestyle becoming increasingly urbaner and more mobile. The
analysis of the nature and causes of landscape changes in the past centuries show three
main driving forces such as accessibility, urbanization, and globalization that affected the
nature and pace of the changes as well as the perception people have had about the
landscape [30]. During the last decades, high rates of change causing unsustainable
development have attracted the attention of policy and planning and raised the need to
understand the factors behind it. The road network shows a continuous growth and the
built-up area a continuous expansion, both corresponding to positive transformation rates
that mean both contribute an increase in respective landscape elements [31]. Driven
Apart, a new report from CEOs for Cities unveils the real reason Americans spend so
much time in traffic because of sprawl which is the real cause of traffic congestion and
the solution to this problem has much more to do with how we build our cities than how
we build our roads [1]. Sprawl means low density, sometimes dispersed, sometimes
decentralized, sometimes polycentric, sometimes suburban development (strip, scattered,
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and leapfrog developments), caused by the consumer preference to live in suburbs, lowcost auto travel, technological innovations, subsidies and public and quasi-public goods
[45]. It is often difficult to distinguish these development patterns. One sprawl indicator
is the land use density function, and Ewing definition of sprawl is shown graphically in
Figure 5.1 a where few significant centers, low average density, and noticeable
development gaps exist due to leapfrogging, which all impose high and avoidable
infrastructure, travel, energy, and environmental costs [46].

Figure 5.1 Definition of Sprawl and Decentralization [46]

Therefore, sprawl induces higher than the necessary total social costs in terms of
poor accessibility, excessive commuting, infrastructure supply, environmental damages,
and other externalities. Figure 5.1 b shows a potentially efficient urban form – a
polycentric pattern with moderate densities and continuous land use except for permanent
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open spaces. Figure 5.1 c illustrates a compact monocentric pattern, which will be
referred to as a centralized pattern. Any land use change causing employment or housing
density distributions to differ from this centralized pattern will be referred to as
decentralization. Apparently, Decentralization does not necessarily imply sprawl [46]. In
contrast to sprawl, compactness can preserve agricultural land, promote high capacity
transit systems and helps to lower automobile dependency for households, reduce
environmental destruction and prevent moral minimalism [47].
Economists believe that three underlying forces - population growth, rising
household incomes (demand more living space), and transportation improvements - are
responsible for this spatial growth and urban sprawl. Moreover, three market failures
such as failure to take into account the social value of open space, failure to recognize the
social costs of congestion, and failure of real estate developers to take into account all of
the new development costs are the main causes of urban sprawl. The three remedies
namely - development taxes, congestion tolls, and impact fees were prescribed for the
market failures leading to urban sprawl where each involves the use of the price
mechanism. For instance, development taxes on each acre of land converted from
agricultural to urban use, raising commuting costs by imposing a congestion toll and
correcting impact fees for new developments are suggested remedies [3]. A paper “The
Effects of Urban Sprawl on Daily Life” mentioned about a project that analyzed the use
of transit-oriented development (TOD) in conjunction with a light rail system as an
alternative to a proposed highway bypass. This paper concluded that the light rail/TOD
strategy could significantly reduce congestion, automobile trips, VMT, and air pollution
emissions over the highway bypass alternative. It shows the Atlantic Steel (Atlantic
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Station) Smart Growth project does prove to be a valuable strategy to lessen some of the
effects of urban sprawl, mostly VMT; however, it is costly to implement [48].
It can be understood that sprawl is happening because of the population growth,
the aspiration for urbanized-automobile dependent lifestyle, the disappearance of rural
agricultural land, and spatial fragmentation. Thus, it induces sustainability challenges [33]
and causes to excessive commuting and congestion. There is a greater necessity to
quantify urban sprawl at Traffic Analysis Zone level so that transportation and land use
planners can identify potential sprawling TAZ and can promote/develop sustainable
strategies in an efficient and creative manner.
Huntsville is the fastest growing major metro area in the state of Alabama,
accounted for 34% of Alabama’s Growth in population, and employment growth exceeds
Alabama as a whole. The community and local business owners continue to be very
positive, and the trend toward new growth is certain [32]. The spatial configuration of
new developments in Huntsville has already reflected a prominent scattered, and leapfrog
pattern. An inevitable consequence of growing trend of sprawl includes the growth
outwards of the city and its suburbs to its outskirts to low-density, and auto-dependent
development on rural land. There is no doubt that the demand for urban land and the
pressure for sustainable development will increase in Huntsville near future. Better
understanding and managing of urban growth are critical to the development and
sustainability in any city. Because of the availability of the recent methodology on
measuring sprawl for larger areas [39], relevant data and advanced tools to process and
analyze data, it has been vital and attainable to measure sprawl at TAZ level. It can
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address sustainability and a proper balance between the extents of compactness and
sprawling can be established at TAZ level for future land use planning.
In this study, sprawling indices at TAZ level were derived with and without
incorporating centering effect and compared the scores of sprawling TAZs in 2010 to the
sprawling TAZs for 2000. The main goal was to propose a methodology for determining
potential sprawling TAZs for Huntsville. This study can help to demonstrate the locations
responsible for sprawl in Huntsville. The results can be a substantial input in planning
and decision-making process.

5.2

Recent Studies on Measuring Urban Sprawl
The original sprawl indices were available to researchers and have been widely

used in outcome-related research since sprawl has been linked to physical inactivity,
obesity, traffic fatalities, poor air quality, residential energy use, emergency response
times, teenage driving, lack of social capital, and private-vehicle commute distances and
times. Refined versions of the indices defined/shown in “Measuring Sprawl 2014”
capture four distinct dimensions of sprawl for instance development density, land use mix,
population and employment centering, and street accessibility. Compactness
indices/sprawl-like metrics for census tracts within metropolitan areas were derived
through the use of variables applied in larger area analyzes (metropolitan area, urbanized
area, and county sprawl metrics). Principal components were extracted from multiple
variables using principal component analysis and transformed the first principal
component to an index with the mean of 100 and a standard deviation of 25. Figure 5.2 a
and Figure 5.2 b present census tracts (Purple and Green) for Alabama and Huntsville
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respectively that were included to estimate sprawl metrics in “Measuring Sprawl 2014”
[39] [49].

(b)
(a)
Figure 5.2 Metrics for Census Tracts (a) Alabama and (b) Huntsville [49]

It can be mentioned that a study on quantifying sprawl index used the
methodology for generating a sprawl index for Metropolitan Statistical Areas (MSAs)
developed by Reid Ewing [50]. Likewise, this study implemented the methodology
applied for measuring a sprawl index for census tracts.

5.3

Case Study
The Huntsville, Alabama Metropolitan Planning Area (MPA) includes all of

Madison County and part of Limestone County shown in the following snapshot from
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Google Earth with well-defined Traffic Analysis Zones (TAZs). The metro area is around
947 square miles and has a population of 363,210 people with 156,649 households [27].
Population and household data are available as statewide block level shapefile for 2010
[27] and summarized in ArcGIS to know the required values at MPA level. There are 525
Traffic Analysis Zones in the network of which 508 are internal zones, and 17 are
external zones.

Figure 5.3 Study Area
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Following sections contain several key parts to explain the variables, analysis, and
results, validation, and findings.

5.4

Data Collection and Analysis
Compactness indices/sprawl-like metrics for census tracts within metropolitan

areas were derived through the use of following variables (shown in Table 5.1). Table 5.2
demonstrates the corresponding equation to determine variables at TAZ level where
census block was used to achieve our desired resolution.
Employment data are accessible from the Local Employment Dynamics (LED)
database that is assembled by the Census Bureau through a voluntary partnership with
state labor market information agencies [39]. Workplace Area Characteristic data are
collected at census block geography level and can be aggregated to any larger geography,
in this case, Traffic Analysis Zone when it is required. LED data were processed for the
year 2002 and 2010 that included a total number of jobs, and the number of employment
by two-digit NAICS (North American Industry Classification System) code. The data
were aggregated to generate total jobs by one-digit NAICS code for every block under
any particular TAZ.
Because of unavailability of Walk Score related data, a new variable was
introduced to measure the walkability. From any grocery shop to a TAZ block, if the
nearest distance is within 1.5 miles, those values were inversed and weighted by the sum
of block level population and employment as a percentage of the TAZ total to obtain
Grocery/Amenity reachability index.
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Table 5.1 TAZ Sprawl Index Variables
Category
Density Factor
Mix Use Factor

Street Factor

Centering Factor

Variable
Gross Population density
Gross Employment density
Job-Population balance
Degree of Job mixing
Grocery/Amenity reachability index
Intersection density
% 4 or more way intersection
Average Block Size
Percent of Small blocks (<1/100 sq
miles)
Inverse of Distance to Major City
Centers

Source
Tiger [27], [40]
LED [41]
Tiger, LED [41], [40]
LED [41]
Tiger [27], Google Earth
Tiger [27]
Tiger [27]
Tiger [27], [40]
Tiger [27], [40]
Tiger [27]

Table 5.2 Equations to Compute Variables Associated with Sprawl
Variable
Gross Population
density
Gross
Employment
density
Job-Population
balance
Degree of Job
mixing
Grocery/Amenity
reachability
index (distance
<= 1.5 miles)
Intersection
density
% 4 or more way
intersection
Average Block
Size
Percent of Small
blocks (<1/100
square miles)

Equation
𝑇𝑜𝑡𝑎𝑙 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 ⁄𝐴𝑟𝑒𝑎
𝑇𝑜𝑡𝑎𝑙 𝐸𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡 ⁄𝐴𝑟𝑒𝑎
𝑛

∑(1 − (𝐴𝐵𝑆(𝐽𝑖 − 𝐽𝑃 ∗ 𝑃𝑖 ))/(𝐽𝑖 + 𝐽𝑃 ∗ 𝑃𝑖 ) ∗ ((𝐵𝐽𝑖 + 𝐵𝑃𝑖 )/(𝑇𝐽 + 𝑇𝑃))
𝑖=1

𝑛

∑ ∑ (𝐴𝐵𝑆((𝑃𝑗 ∗ ln 𝑃𝑗 )/ ln 𝑗) ∗ ((𝐵𝐽𝑖 + 𝐵𝑃𝑖 )/(𝑇𝐽 + 𝑇𝑃))
𝑖=1

𝑗

𝑛

∑ (1⁄𝑑𝑖𝑠𝑡) ∗ ((𝐵𝐽𝑖 + 𝐵𝑃𝑖 )/(𝑇𝐽 + 𝑇𝑃))
𝑖=1

𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐼𝑛𝑡𝑒𝑟𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑠 ⁄𝐴𝑟𝑒𝑎
𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 4𝑤𝑎𝑦 𝐼𝑛𝑡𝑒𝑟𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑠 ⁄𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐼𝑛𝑡𝑒𝑟𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑠
𝐴𝑟𝑒𝑎 ⁄𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑙𝑜𝑐𝑘𝑠
𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑆𝑚𝑎𝑙𝑙 𝐵𝑙𝑜𝑐𝑘𝑠 ⁄𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑙𝑜𝑐𝑘𝑠
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Where, i is the census block number, n is the number of blocks in the TAZ, Ji or
BJi is jobs in census block, Pi or BPi is residents in census block, JP is jobs per person in
the metropolitan area, TJ is the total jobs in the TAZ, Pj is proportion of jobs in sector j,
and j is the number of sectors.
Population, employment, block and road shapefiles were gathered for the year
2000 and 2010 and processed to calculate the above variables according to the equations
mentioned in Table 5.2. Principal component analysis (PCA) was executed for both 2000
and 2010. However, road shapefile of 2000 was used in both cases as 2010 road shapefile
provides too many segments without being merged into one single centerline and it does
not supply the endpoints either as start or end node. Principal components were extracted
from multiple variables using principal component analysis and transformed the first
three principal components to an index with the mean of 100 and a standard deviation of
25. For the sake of consistency and ease of understanding, this transformation was
conducted. The more compact counties have index values above 100, while the more
sprawling counties have values below 100. PCA was performed using Minitab®
Statistical Analysis Software, Release 17 in each case (shown in Table 5.3) [28]. To
introduce the centering effect, a new variable was added in our analysis. A centering
factor was included to compare the results of PCA and to know how this can change the
distribution for the entire study area. The following cases were built to compare indices
with or without centering effect in our analysis.
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Table 5.3 Building Different Cases
Year
2000
2010

5.5

Without centering effect
Case 1a_00
Case 2a_10

With centering effect
Case 1b_00
Case 2b_10

Results
Principal component analysis was run to reduce above variables to a single index

for each case. First, three principal components were summed so that the index can
account for minimum 50 percent of the variance in the original variables. The following
Table presents the summation of first three eigenvalues and total variance by scenario:
Table 5.4 Eigenvalue and Cumulative Variance
Case
Case 1a_00
Case 1b_00
Case 2a_10
Case 2b_10

Eigenvalue of first three PCs
4.9414
4.9949
5.4548
5.502

Cumulative Variance
0.549
0.50
0.606
0.55

Composite or compactness scores for the year 2000 and 2010 are presented in
Figure 5.4 while analyzing data without the centering effect. It is apparent from Figure
5.4 that dispersed growth and compactness both change over a 10-year period. However,
appropriate roadway data could have presented a little different spatial pattern while
analyzing the year 2010. To determine how much land use pattern was changed from
2000 to 2010, the difference in sprawl indices was summed after assigning 100 for
compact TAZs, which are equal to or greater than 100. Replacing value greater or equal
to 100 can separate sprawling areas from compact ones. After that, subtracting 2000
indices from that of 2010 followed by the summation of the differences can provide an
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overall picture of sprawl for our study area. This value is +928; that means sprawling
areas in 2000 are likely to continue its identical nature.

(a)

(b)

Figure 5.4 Compactness Indices (a) Case 1a_00 and (b) Case 2a_10

Figure 5.5 shows the spatial distribution of compactness indices that contains the
centering factor as the inverse of distances from major city centers to TAZs. In scattered
or leapfrog development, residents and service providers must pass by vacant land and in
classic strip development, the consumer must pass other uses on the way from one store
to the next. Thus, sprawl is associated with sparse street networks as well as dispersed
land use patterns leaving residents with no alternative to long distance trips by
automobile [39]. In order to curtail scattered or leapfrog development, commercial strip
development, uniform low-density development, or single-use development, this variable
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was introduced. This centering factor can redistribute the spatial pattern of sprawl indices
(shown in Figure 5.5) such that TAZs far from city centers can be defined as scattered or
leapfrog development. This way compact development can be centralized in which
related land uses are highly accessible to one another, thus minimizing automobile travel
and attendant social, economic, and environmental costs [39].

(a)

(b)

Figure 5.5 Compactness Indices (a) Case 1b_00 and (b) Case 2b_10

5.6

Validation
The recent report on urban sprawl [39] validated their findings by inspecting

Google Earth satellite images. About five most sprawling and compact TAZs determined
by 2010 scores according to the variables were included in the following Figures that
show Google Earth satellite images bounded by TAZs. Most of the sprawling TAZs in
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both sets of Figures have similar patterns of low-density development. And, compact
TAZs in both cases (with or without centering factor) are a good representative of
densely land use pattern.

2(a)

1(a)
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1(b)

2(b)

2(c)
1(c)
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1(d)
2(d)

2(e)
1(e)
Figure 5.6 Most Sprawling TAZs 1(a) through 1(e) and Most Compact TAZs 2(a)
through 2(e) (Case 2a_10)

100

3(a)
4(a)

4(b)

3(b)
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4(c)
3(c)

4(d)
3(d)
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4(f)

3(f)

Figure 5.7 Most Sprawling TAZs 3(a) through 3(e) and Most Compact TAZs 4(a)
through 4(e) (Case 2b_10)

It can be noted that TAZs with a higher value of Mahalanobis distance [28]
cannot be a good representative for the study area and were excluded when the scores
were sorted to rank those as the most compact or most sprawling TAZs.
Another initiative to compare 2010 results with the earlier findings [39] [49] was
done by summarizing TAZs to the corresponding Huntsville Census Tract through the
use of ArcGIS tool (Tabulate Intersection) where centering effect was not included. It can
be noted that the boundaries of TAZs do not align with that of Tract that can cause a
biased inclusion of TAZs within a Tract where it touches the relevant TAZs marginally.
Moreover, the total score of the TAZs within a Tract was divided by the number of the
respective TAZs to find the average score of sprawling. Although, these average values
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are not comparable to the Tract Sprawl Indices, the following Figure shows the variation
of low and high that is quite analogous.

(b)

(a)

Figure 5.8 Census Tract Compactness Index (a) Earlier Results [49] (b) Summarized
Results

5.7

Findings
It is ostensibly from Figures 5.6 through 5.8 that sprawling/compactness indices

coincide with the earlier conclusions and spatial patterns of satellite images. In this study,
it is required to identify potential TAZs that can contribute sprawl. Both results from
Case 2a_10 and Case 2b_10 were partitioned where sprawl indices are below 100. The
number of TAZs (<100) equated in both cases is 214 which is very high comparing to the
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total number of TAZs. A threshold depending on the quartiles can be considered to lower
the number of sprawling TAZs. For example, based on the maximum value of 75
percentiles of two cases (Case 2a_10 and Case 2b_10) that is about 92, TAZs were
abstracted. TAZs were further filtered and separated if those are present in both cases.
Hence, this screening process combines the outputs into one subset of TAZs. Table 5.5
provides the number of sprawling TAZs and its threshold.
Table 5.5 Number of Sprawling TAZs and Its Threshold
Threshold
75 Percentile
50 Percentile
25 Percentile

Value of Quartile
92
85
79

Number of Sprawling TAZs
147
78
31

Figure 5.9 shows the locations of 147 sprawling TAZs on a map view when the
threshold is equivalent to 75 Percentile.

Figure 5.9 Sprawling TAZs - 75 Percentile
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Figure 5.10 and Figure 5.11 present the locations of sprawling TAZs for 50 and
25 Percentiles respectively. These TAZs were examined in Google Earth and found to
resemble the features of sprawling.

Figure 5.10 Sprawling TAZs - 50 Percentile

106

Figure 5.11 Sprawling TAZs - 25 Percentile

5.8

Conclusion
This study uses the recent methodology developed by Ewing and illustrates how

the principal component analysis was used to derive compactness/sprawl indices at TAZ
level. It provides a scoring system that analyzed available data with or without adding the
centering variable for the year 2000 and 2010. The resulting compactness index conforms
to the definition of sprawl in satellite imagery where development patterns are a good
representative of sprawl.
The uniqueness of this paper is the inclusion and testing of centering factor which
redistributes the spatial pattern of sprawl indices in such a way that TAZs far from city
centers can be defined as scattered or leapfrog development. Another key finding is to

107

identify potential TAZs contributing sprawl according to a threshold that combines both
results (with or without centering effect).
The outcomes can be a substantial input in planning and decision-making process.
Any preferred planning scenario can be tested for the betterment of sustainable
transportation system where sprawling TAZs can be restricted to generate or attract any
trips.

5.9
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CHAPTER SIX

6. PROMOTING TRANSPORTATION SUSTAINABILITY BY
SUGGESTING/LIMITING CHANGES IN FUTURE LAND USE THROUGH
UTILIZING AVAILABLE ROADWAY CAPACITY
6.1

Introduction
The travel forecasting process known as the four step process namely trip

generation, trip distribution, mode split and traffic assignment is used to estimate the
number of trips at some future date as a means to do highway planning. Improvements of
four steps procedure have been made to reflect the realistic picture of trip making process
such as incorporation of time of day, more trip purposes, intersection delays and dynamic
assignment, and better representation of access for transit. Adding land use feedback to
travel demand model facilitates the interaction between them based on different proposed
scenarios. Changes in land use causing travel demand in most metropolitan areas result in
the rapid expansion of transportation infrastructure, utilities and constructing new
facilities to serve new dispersed communities. An inevitable consequence of such a trend
is urban sprawl which includes the spreading outwards of a city and its suburbs to its
outskirts to low-density and auto-dependent development on rural land and is the root of
many environmental problems. In old and recent literature that deals with land use and
travel demand model (TDM), land use forecast model used travel cost (travel time/travel
distance/accessibility) from previous year TDM, and outputs from land use model are fed
into TDM to determine the updated travel cost that again used as one of the inputs for
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land use model by a feedback loop with or without an optimal allocation of land use. One
of the studies has stated that transportation does not have a major impact on land use
forecast model. Other studies have found no difference in land use pattern for different
scenarios. That means, land use model controls the expansion or building new route
without looking at the underutilized roads or the disperse growth of cities that means
growing trend of urban sprawl. Therefore, any change in travel cost or detrimental
growth pattern does not have any significant influence on future land use or location
choice of future household and employment. Furthermore, the changes in land use
patterns and transportation network growth do not consider the underutilization of
existing network. Driven Apart, a new report from CEOs for Cities unveils that sprawl is
the real cause of traffic congestion and the solution to this problem has much more to do
with how we build our cities than how we build our roads [1]. So, the problem can be
solved if the future number and distribution pattern of jobs and households can be
proposed based on determining a probable estimate of land use change, the areas
responsible for urban sprawl, and utilizing the available capacity of the current network.
Literature review section presents how land use model evolves over the years, and
how it integrates with TDM to forecast the demand and demands infrastructure for our
community. In addition, why urban sprawl needs to be addressed at the beginning of land
use planning is detailed in this section as well. Lastly, the problem statement is outlined
by connecting the proposed aspects that were not considered before.
Literature related to the simplified land use change model was reviewed to
formulate a model that can detect the probability of future development of an area. The
latest study on urban sprawl studied in the respective section presents an elaborate
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methodology to develop new measures/new indices of compactness/sprawl that have
more face validity and were used in our study. Numerous old-recent methodologies
(Origin-Destination Matrix Estimation from Traffic counts) were reviewed and tested to
find an easy and efficient way to incorporate this capacity utilization along with the
products from the urban sprawl scoring scheme and land use change model. An
appropriate methodology was chosen and refined if necessary to consider this issue and
analyze transportation networks and travel behavior within them. It can be mentioned that
TransCAD provides the tool to estimate OD matrix from traffic counts and has been
considered to be the best option for building the major part of the methodology and
evaluating different planning scenarios.

6.2
6.2.1

Background/Literature Review
Travel Demand Model
The travel forecasting process is used to estimate the number of trips at some

future date as a means to do highway planning and involves a series of mathematical
models that attempt to simulate human behavior in response to a given system of
highways, transit and policies. [2]
The simulation process known as the four-step process can be presented as trip
generation, trip distribution, mode split and traffic assignment [2].


Trip generation - Land use, population, and economic forecasts are used to
estimate how many trips will be made to and from each zone by trip
purpose based on the characteristics of the zones (household
characteristics/the level of employment in a zone).
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Trip distribution - Trip distribution links the trip ends to form an origindestination pattern by the gravity model based on the size of the other
zones and on the basis of the distance to other zones (travel times and
costs between zones).



Mode choice, auto occupancy analysis - Trips between a given origin and
destination are split into trips using transit, trips by carpool or as
automobile passengers and trips by automobile drivers comparing the
attractiveness of travel (disutility - travel time, cost and
comfort/convenience of a mode between an origin and a destination) by
different modes to determine their relative usage.



Traffic assignment - Traffic assignment is done differently for highway
trips and transit trips, involves the calculation of the shortest path
(minimum travel time) from each origin to all destinations (usually, the
minimum time path is used) taking into account the capacity of the link to
address the level of congestion and must be repeated many times (iterated)
until there is an equilibrium between travel demand and travel supply.

Some of the limitations in the four step process are ignoring interdependency for
trip making, multipurpose, trip chaining, the effect of social-economic-cultural factors,
factors for determining travel costs or times, actual road network and capacity, etc. [2].
Improvements of four steps procedure have been made to reflect the realistic
picture of trip making process such as incorporation of time of day, more trip purposes,
intersection delays and dynamic assignment, and better representation of access for
transit. Adding land use feedback to travel demand model facilitates the interaction
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between them based on different proposed scenarios. This study is concern on the
relationship between land use and transportation system. The following section will
provide the previous studies done on land use and transportation planning towards
integrated land use and transportation planning.

6.2.2

Land Use and Transportation Planning
Previous land use models (such as Lowry model, Projective Optimization Land

Use System (POLIS) model, MEPLAN model, Kim's Chicago Model, Micro-Analytical
Simulation of Transport, Employment and Residence (MASTER) model and Dortmund
Model) used travel cost/ accessibilities along with population, housing, employment, and
spatial interaction into residential and employment allocation models to optimize an
objective function [51]. The recent studies or models reviewed and summarized can be
presented as follows


Land Use - Transportation Interaction (LUTI) model represented the
impact of expenditures on attractiveness and efficiency describes the
allocation of money to activities, goods, and the residence, for the time
neglecting longer-term decisions [52].



Predicting Land Use Change (LUC) models provided logistic regression
models of land use change using existing land use types, neighboring land
uses, and with/without transportation network variables (physical
proximity of highway networks, and the level of accessibility). It was
found that (perhaps not surprisingly) transportation-related variables exert
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some influence on changes in land use patterns, though not as much as
variables representing existing and neighboring land uses. [53]


New Urban Land Use model, a new style of urban land use model (LUM)
was developed to examine land use change at the parcel level (more
behavioral realism), while applying systems of equations for land use
intensity (population and employment by type) across Travel Analysis
Zones (TAZs) under a business-as-usual scenario and a road pricing
scenario (incorporating congestion tolls on freeways and carbon taxes on
all roads). Parcel land development is often associated with changes of
households and/or jobs which are aggregated to the level of TAZs in order
to provide key inputs to travel demand models (TDMs). The results
indicate that the increased travel costs may not alter location choices,
though the road pricing scenario does have a significant impact on travel
behavior predictions. [54]



An Empirical Analysis of Land Use Changes by Excess Commuting
studied the performance of the theoretical maximum, proportionally
matched, and random average commute on a controlled series of
job/worker growth scenarios. The results from the scenario tests suggest
that the proportionally matched commute and the random average
commute are the same measures (indicators of the expected commute)
without considering interzonal commuting costs and the spatial
relationships between zonal observations and both answer questions about
how much commuting exists relative to an expected amount if the
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observed commute is available for comparisons. The theoretical maximum
commute and subsequent commuting capacity create a spatially explicit
representation of the urban form limits and help to answer the commuting
possibilities and the amount of consumption of commuting capacity if the
actual or observed commute will fall within this range. [55]


Equity Analysis of Land Use and Transportation Plans utilized the
Production, Exchange, and Consumption Allocation System (PECAS)
Model of the Sacramento Region (along with advanced aggregate travel
models and activity-based travel models) to simulate two scenarios for the
year 2035 - Business As Usual (a common land use and transport vision
with highway expansion) and Preferred Blueprint (a more compact level
of urban development with transit-oriented development). The study leads
to powerful surplus measures that are beyond what can be done with more
empirical land use models or with transport demand models alone and
shows Preferred Blueprint can reduce travel costs, wages, and housing
costs by increasing accessibility. [56]



Spatial Dynamics and Temporal Dependency in Land Use Change Model
proposed a new econometric approach stemming both from a
methodological perspective as well as an empirical perspective, that
models a discrete choice formulation of spatial dynamics through a spatial
lag structure, spatial heterogeneity, time-varying as well as time-stationary
unobserved components, and a flexible contemporaneous covariance
structure across the utilities of the different land use type alternatives. The
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elasticity effects of variables indicate that the model that accommodates
temporal dependencies, and spatial dynamics predicts magnitude effects
that are statistically significantly different from the model that ignores
these effects. Proximity to highways and other roadways, distance from
flood plains, parcel location in the context of existing development, and
distance from schools are important determinants of land-use type. The
results suggest that major transportation roadways can act not only as
physical separators of land areas but also as a barrier to peer interactions
and influences. [57]

6.2.3

Integrated Land Use/Transportation Model
The integrated models reviewed and summarized can be presented as follows


Integrated Transport and Gravity-Based Land Use study calibrated and
applied RESLOC, EMPLOC and LUDENSITY equations and
demonstrated the implementation of three distinct transportation and land
use scenarios. A standard travel demand model (TDM) was linked
externally to the land use model system in order to update travel
conditions and provide a well-defined series of related steps to all future
household and employment forecasts (at five-year intervals). Thus all
together, the system of equations forms a reasonable straightforward,
integrated transportation-land use model (ITLUM). A similar pattern in
household and employment distribution between two different scenarios
implies a lack of responsiveness from two important sources: too low
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additional travel costs and insensitivity of the gravity model formulation.
[58]


A Spatial Decision Support System (SDSS) Xplorah has four geographic
levels: global, national, regional and local to integrate Land Use and TDM
model where the transportation model operates at the regional level
together with the economics, population (demographic), and land claims
sub-models. The transportation model outputs feedback into the cellular
automata local land use model for each iteration depending on the end
user’s specification since this loop acknowledges mutual impacts. [59]



An Integrated Approach to Sustainable Transportation developed
alternatives that would simultaneously accommodate many work,
shopping and school trips on site by allowing different transport mode
share and reducing peak period auto traffic. It proposed a land use plan
that concentrated higher densities and employment along the main
arterials and BRT routes and placed all residential areas within walking
distance of transit and retail that established a nominal jobs-housing
balance. While testing different scenario, diversion 40% of peak hour
traffic to other arterial moves bottlenecks to other locations, and without
adding car lanes as a solution, giving priority to transit, walking and
biking were considered from a sustainable development perspective. [60]



California Integrated Land Use/Transportation Model has two modules:
the Activity Allocation (AA) and Space Development (SD) modules. The
AA module, nested logit choice structure allocates production and
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consumption activities across land use zones (LUZ), which were
aggregations of TAZs. The SD module simulates the space development at
the 50-meter grid cell level, instead of the LUZ level. The AA module
reads the skims of distance and time from the travel model in the base
year. The travel model uses the changes in employment and households
after aggregating of the AA activities. The new distance and time skims
were then used by the AA module. [61]


An Integrated Bi-Level Model presented the methodology and application
of a proposed bi-level model on a case study of a factitious urban area, a
combination of an upper land use allocation model (that captures the
process of dynamic land use change using cellular automata (CA) model
and bid-rent household agent model), and a lower transportation model
(that applies the user equilibrium to the transportation network). To
optimize the land use allocation, the system cost of transportation is
minimized, using a combination of genetic algorithm (GA) and FrankWolfe algorithm respectively. In the optimal land use allocation strategy
new developed land cells were dispersed in the whole study area. In
contrast, in the worst cases, almost all of newly developed land cells were
allocated near the existing land with same land use type in a more
agglomerative way that results in high system cost of transportation.
Relatively smooth traffic was observed in the case of optimal land use
allocation. However, most of the links in the network were nearly close to
or over the capacity under the optimized land use allocation. It shows that
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relying solely on optimization by the proposed bi-level model is
insufficient to meet the increasing land use and transportation demand.
Expansion of transportation network is an alternative solution. [35]


In a Data Development Study for Implementing an Integrated Land Use
And Transportation (ILUT) Forecasting Model, one of the primary reasons
for not implementing such tools by MPOs was mentioned as concern over
the schedule and cost requirements of obtaining the data typically needed
to support such models that depend on complexity, geographic size and the
availability and quality of existing data. [34]



Design and development of an Integrated - Advanced TDM comprises of
three primary components: DaySim, the TRANSIMS Router and
Microsimulator and MOVES. DaySim is a travel demand forecast model
that predicts household and person travel choices at a parcel-level on a
minute-by-minute basis. The TRANSIMS Router and Microsimulator are
dynamic traffic assignment and network simulation software that tracks
vehicles on a second-by-second basis. MOVES is a tool the EPA’s latest
software for estimating emissions and air quality impacts. [62]



An Integrated Model System with Dynamic Time-Dependent ActivityTravel Microsimulation proposed an integrated modeling system dubbed
SimTRAVEL- Simulator of Transport, Routes, Activities, Vehicles,
Emissions, and Land. It comprises a generalized framework for integrating
land use, travel demand and traffic assignment models and starts with a
bootstrapping step to generate time varying O-D matrices by repeating
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iterative steps of generation of location choices and activity-travel
patterns, and routing and simulating demand using a dynamic traffic
assignment model until convergence in the travel time matrices is
achieved. The converged travel time matrices are then used to kick off a
simulation run of the integrated model for the base year. The converged
base year network conditions are fed into the land use microsimulation
model to simulate the location choices for a future year including the land
use development patterns, household and business location choices, and
other real-estate market processes (rents, prices). For base and future
cases, the activity-travel demand generation and the dynamic traffic
assignment steps are iteratively repeated (with network conditions fed
back) until convergence is achieved. [63]


Integrated LandSys-FSUTMS Model aimed to explore the complex
interactive relationship between transportation and land use by integrating
LandSys with the FSUTMS. The simulation analyzed the transportation
and land use performance without and with integration scenarios. The
interactive procedure of LandSys and FSUTMS implemented in the
integration framework comprises of combined CA and agents models, and
transportation model. The forecasting results of land use development are
produced in the combined CA and agents models. The specific household
characteristics in the residential cells and the number of firms by sector in
the non-residential cells are produced from the bid-rent based interactions
among agents and aggregated to TAZ level thereafter to update the
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required inputs of FSUTMS. The new travel cost and accessibility taken
from FSUTMS are fed back into the data store, updating the inputs for
land use model in the next time period. The simulation results of the land
use and transportation performance under the integrating framework,
LandSys-FSUTMS, show that in the integrated model the values of
number of links with higher saturation, number of households and
employments in congested area, pollutant emissions, fuel usage, VMT,
and VHT are lower than those predicted by standalone FSUTMS or
LandSys models, indicating the importance of LandSys-FSUTMS models
in improving transportation environment. [64]


Using Open Source Data for Simplified Integrated Model - employs the
Metropolitan Activity Relocation Simulator (MARS), system dynamics
model as a simplified integrated transportation/land use modeling
(ITLUM) tool that is deterministic in nature, meaning there are no
stochastic elements built into the model. The MARS model is an ITLUM
tool consisting of two basic sub-models: the transportation model and the
land use model that represent both the demand (land use) and supply
(transportation) of a metropolitan region. Changes in the transport system
cause time- lagged changes in the land use system and changes in the land
use system cause immediate reactions in the transport system. The
important aspect of using the model is the ability to use open sources of
data while obtaining the required data to support a transportation and land
use model is often seen as one of the largest barriers to their use. The
123

process of model validation uses a calibrated model and compares model
outputs with a secondary observed data set. [65]
The above literature does not have any direct connection to urban sprawl that
mentions how to limit the dispersion by utilizing current networks. The following section
gives a brief literature review on urban sprawl, its causes, remedies and recent studies.

6.2.4

Urban Sprawl
Sprawl means low density, sometimes dispersed, sometimes decentralized,

sometimes polycentric, sometimes suburban development (strip, scattered, and leapfrog
developments), caused by the consumer preference to live in suburbs, low-cost auto
travel, technological innovations, subsidies and public and quasi-public goods [45]. It is
often difficult to distinguish these development patterns. One sprawl indicator is the land
use density function, and Ewing definition of sprawl is shown graphically in Figure 6.1 a
where few significant centers, low average density, and noticeable development gaps
exist due to leapfrogging, which all impose high and avoidable infrastructure, travel,
energy, and environmental costs [46].
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Figure 6.1 Definition of Sprawl and Decentralization [46]

Therefore, sprawl induces higher than the necessary total social costs in terms of
poor accessibility, excessive commuting, infrastructure supply, environmental damages,
and other externalities. Figure 6.1 b shows a potentially efficient urban form – a
polycentric pattern with moderate densities and continuous land use except for permanent
open spaces. Figure 6.1 c illustrates a compact monocentric pattern, which will be
referred to as a centralized pattern. Any land use change causing employment or housing
density distributions to differ from this centralized pattern will be referred to as
decentralization. Apparently, Decentralization does not necessarily imply sprawl [46]. In
contrast to sprawl, compactness can preserve agricultural land, promote high capacity
transit systems and helps to lower automobile dependency for households, reduce
environmental destruction and prevent moral minimalism [47].
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Economists believe that three underlying forces—population growth, rising
household incomes (demand more living space), and transportation improvements—are
responsible for this spatial growth and urban sprawl. Moreover, three market failures
such as failure to take into account the social value of open space, failure to recognize the
social costs of congestion, and failure of real estate developers to take into account all of
the new development costs are the main causes of urban sprawl. The three remedies
namely - development taxes, congestion tolls, and impact fees were prescribed for the
market failures leading to urban sprawl where each involves the use of the price
mechanism. For instance, development taxes on each acre of land converted from
agricultural to urban use, raising commuting costs by imposing a congestion toll and
correcting impact fees for new developments are suggested remedies [3]. A paper “The
Effects of Urban Sprawl on Daily Life” mentioned about a project that analyzed the use
of transit-oriented development (TOD) in conjunction with a light rail system as an
alternative to a proposed highway bypass. This paper concluded that the light rail/TOD
strategy could significantly reduce congestion, automobile trips, VMT, and air pollution
emissions over the highway bypass alternative. It shows the Atlantic Steel (Atlantic
Station) Smart Growth project does prove to be a valuable strategy to lessen some of the
effects of urban sprawl, mostly VMT; however, it is costly to implement [48].
Refined versions of sprawl indices defined/shown in “Measuring Sprawl 2014”
capture four distinct dimensions of sprawl for instance development density, land use mix,
population and employment centering, and street accessibility. Compactness
indices/sprawl-like metrics within metropolitan areas were derived through the use of
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variables applied in larger area analyzes (metropolitan area, urbanized area, and county
sprawl metrics) [39] [49] [50].

6.3

Summary of Literature Review and Problem Statement
After reviewing old and recent literature that deals with land use and TDM, the

following points have been noted:


Land use forecast model used travel cost (travel time/travel
distance/accessibility) from previous year TDM and outputs from the land
use model are fed into TDM to determine the updated travel cost that
again used as one of the inputs for land use model by a feedback loop.



One of the studies has stated that transportation does not have a major
impact on land use forecast model. Other studies have found no difference
in land use pattern for different scenarios.



A factitious study found a significant difference in land use allocation for
optimal and worst case scenario, observed relatively smooth traffic in the
case of optimal land use allocation. However, most of the links were close
to or over the capacity and concluded that relying solely on optimization
by the proposed bi-level model is insufficient to meet the increasing land
use and transportation demand, and expansion of transportation network is
an alternative solution.



Land use model provides future transportation demand using
accessibility/travel cost term from base year TDM, existing/dynamic land
use change which entirely determines the future expansion and building of
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the new network, considering an optimal way of land use allocation to
minimize the system cost of transportation.


The Integrated LandSys and FSUTMS model comprises of combined CA
and agents models and transportation model, feeding back new travel cost
and accessibility into the land use model. It shows that the values of the
number of links with higher saturation, the number of households and
employments in a congested area, pollutant emissions, fuel usage, VMT,
and VHT are lower than those predicted by standalone FSUTMS or
LandSys models.

It can be understood that travel cost and accessibility is a minor part of land use
change model while land use model governs the future network and major input for travel
demand model. It controls the expansion or building new route without looking at the
underutilized roads or the disperse growth of cities. Therefore, any change in travel cost
does not have any significant influence on land use model or location choice of future
household and employment.
Driven Apart, a new report from CEOs for Cities unveils the real reason
Americans spend so much time in traffic because of sprawl which is the real cause of
traffic congestion and the solution to this problem has much more to do with how we
build our cities than how we build our roads [1]. Transportation improvements, failure to
take into account the social value of open space, and failure to recognize the social costs
of congestion that cause to excessive commuting, congestion, spatial growth and urban
sprawl [3].
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The efficient development of future road network depends on how land use model
can be further modified and optimized that controls the expansion or building new route
without looking at the underutilized roads or the disperse growth of cities. To limit the
growth of sprawl and utilize the existing capacity of all links, it has been suggested to
conduct a study without being totally controlled by the growth of cities. That means the
land use plan can lay out the future number and distribution pattern of jobs and
households based on a combination of three aspects. That means a future trip table can be
developed by using a land use change model and can be modified to limit sprawl/ spatial
growth and can be further adjusted according to the capacity that can be utilized. Thus, it
can be a preliminary initiative to build compact cities using current resources instead of
the planning of future road network in accordance with the land use forecast model.
No study so far was aware of finding a way to determine trips by zone that can
utilize the available capacity and can prevent sprawl. This information can be very
beneficial for land use planners and policy makers to explore enhanced ideas and
implement potential changes in transportation policies and investments.

6.4

Objectives
The main goal can be broken down into following steps:


Reviewing land use change models and developing/building a simplified
model that can represent the future land use change (See Chapter Four)



Reviewing the latest urban sprawl scoring methodology and implementing
the same for our study area at TAZ level (See Chapter Five)
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Reviewing previous and recent methods of estimating OD matrix from
Traffic count and selecting suitable method that can be applied in this
context in an efficient manner



Combining these three features into one to prepare different planning
scenarios and comparing those options to recommend a more feasible and
better option

6.5
6.5.1

Case Study
Location
The Huntsville, Alabama Metropolitan Planning Area (MPA) was used as the

location for the case study. The area includes all of Madison County and part of
Limestone County shown in the following snapshot from Google Earth with well-defined
Traffic Analysis Zones (TAZs). The metro area is around 947 square miles and has a
population of 363,210 people with 156,649 households [27]. Population and household
data are available as statewide block level shapefile for 2010 [27] and summarized in
ArcGIS to know the required values at MPA level.
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Figure 6.2 Study Area

6.5.2

Network Setup
Huntsville TAZs and network data were obtainable from an existing network built

in Cube. Since Cube does not have a tool to estimate OD matrix, and TransCAD 4.7 is
accessible and provides the ODME tool, attributes were formatted for its readability by
TransCAD 4.7. The network shapefile was exported from Cube and was examined in
ArcGIS to identify how different attributes are linked with a two-way and one-way link.
In TransCAD, values for many of fields (such as Capacity, Time) can vary by direction
along each link and should be read as a pair of fields named "AB Time" and "BA Time"
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[22], while the exported shapefile has two rows to define the directional attributes in case
of two-way link. It means Cube represents two-way link as duplicated polylines in two
rows. Since ODME tool implemented in TransCAD was used in our study, the network
needs to be compatible with TransCAD. Modification of the shapefile was carried out to
represent directional attributes in one row with one polyline. Based on the start and end
node of a two-way link, additional rows in Cube network were added as columns, thus
merging of two polylines into one was executed. The network attributes were formatted
in TransCAD environment to specify the directional fields and the centroids to match the
Cube ones. The origin-destination table in Cube contained intrazonal trips which had to
be removed from the analysis because the ODME tool in TransCAD does not estimate
trips intrazonal trips. The final Huntsville network as displayed in TransCAD can be
shown in Figure 6.3 where red dot locates the centroids, green lines are for one-way links,
and red lines are for centroid connectors.
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Figure 6.3 Setup of Huntsville Network in TransCAD 4.7

The model network in TransCAD contained many links representing the roadway
system of Huntsville, AL. The number of bidirectional links in the network is 3097, and
the number of one-way links is 1264. Also, there are 525 Traffic Analysis Zones in the
network of which 508 are internal zones, and 17 are external zones.

6.6

Methods to Estimate OD Matrix
It is required to review different methodologies on the estimation of O/D matrix

so that an appropriate method can be selected to analyze a large and congested network.
The reviewed literature is presented as follows:
There are currently two proposed estimation approaches - traffic modeling based
and statistical inference approaches. Some of the principles proposed by researchers
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within these methods require an outdated origin/destination matrix to supplement the
traffic counts for target purposes while others do not [11].
Under congested conditions, the non-proportional assignment would allow for
trips to take paths other than the shortest travel time and causes the proportion of
travelers on each link to not depend on link flows. It is an iterative approach where a set
of route choice proportions are assumed then a trip matrix is estimated, loaded onto the
network and a new set of route choice proportions are calculated, and the process is
repeated, until the route choice proportions and trip matrix are similarly consistent.
Therefore, the interdependency between the route choice proportions and the trip matrix
is the main downfall to this technique [11].
One way of implementing non-proportional assignment is through the use of
incorporating equilibrium to the traffic flows that assigns link cost functions, link travel
cost, and path travel cost to the network as a way to minimize travel costs [9], [10]. A
target trip matrix is required to reproduce the observed traffic counts in the equilibrium
approach [9], [11]. These models were developed on small test networks, and their
applicability on a large network is not ensured [10]. For instance, path flow estimation
was used in a study by Chen et al. [21] to estimate the number of trips between O/D pairs
on a small freeway network. The study used centroid connectors as well as freeway
traffic counts in estimating the flows.
The statistical inference techniques refer to using maximum likelihood,
generalized least squares, or Bayesian approach for estimating the origin/destination
matrix. These approaches are found to be sensitive to variations and accuracies in the
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traffic counts and the target origin/destination matrix and were tested on small and simple
transportation network [11].
The O/D Matrix Estimation (ODME) procedure in TransCAD is based on the
work of Nielsen, which is an iterative (or bi-level) process that switches back and forth
between a traffic assignment stage and a matrix estimation stage, until convergence is
reached [22] [23]. Nielsen’s single-path and multipath methods updates static O/D
matrices by comparing assigned and observed link flows along the path(s) used by each
O/D pair and by using updating factor as the ratios of observed to assigned flows for each
O/D pair [24]. The procedure requires an initial estimate of the O/D matrix that can be a
prior estimate based on survey measurements, or be synthetically generated (e.g., from a
doubly-constrained trip distribution model). However, small-area with no prior estimate
of the O-D matrix can be analyzed by TransCAD O/D Matrix Estimation procedure that
provides several types of traffic assignments and estimates O/D trips where the link is
missing traffic count as well [22]. Two new methods proposed by Nielsen can handle
inconsistent and uncertain counts for any assignment model. And inconsistent counts will
not affect the results as seriously as in many other matrix estimation methods [25]. Many
computer models have been proposed and applied for O-D matrix estimation to
investigate the relationship between traffic counts and O-D matrix, and TransCAD Model
is one of the most widely-used models [26].
Most of the studies focused on optimization techniques where an old/target
origin/destination matrix was updated by analyzing traffic counts using maximum
likelihood, generalized least squares, or Bayesian inference techniques [11]. The
estimation method implemented in TransCAD was chosen to determine an
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origin/destination matrix from traffic counts by following user equilibrium (UE)
assignment.

6.7

Estimation of OD matrices
This section begins with illustrating the ODME procedure and its application

without any change in future land use. It continues by combining the above findings,
adding different hypothetical planning scenarios and demonstrating how OD estimation
tool in TransCAD can be used to compare different options.

6.7.1

ODME Tool Description
As mentioned in Literature Review section, the ODME procedure in TransCAD

based on Nielsen was followed for estimating origin-destination (O-D) trip matrices.
Single Mode Highway O-D Matrix Estimation procedure requires several inputs to
analyze the sample or real world networks throughout the study. The following data was
prepared /created to use the OD Matrix Estimation procedure in TransCAD [22]:


Base/initial/prior OD matrix



Geographic file with required link data: both a node and a line layer



Network file from the line layer, including all the relevant attributes such
as link flow (count), capacity, time, speed, etc.

The O-D Matrix Estimation procedure/tool can be promptly used, once necessary
input files are ready to run. The existing Cube OD was fed into TransCAD as seed/initial
matrix and OD estimation was carried out by choosing User Equilibrium assignment
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method. After completing this procedure successfully, the estimated OD flows can be
stored to do a further assessment [22].
Traffic can be assigned by TransCAD to the roadway network, and the assigned
flows can be regarded as counts to estimate the OD. In this study, since our interest is on
available capacity, it is necessary to subtract assigned flows from road capacity that can
provide the values of available capacity on each link. In similar fashion, these values can
be treated as counts to determine the expected OD with or without any change in the
existing OD matrix. This process may alter the pattern of seed matrix significantly in
order to fit the counts although they are dependent on the pattern of the seed matrix [25].
In our study network, present volume and capacity ratio of 230 links is more than 1. And
utilization of the available capacity of uncongested links can make current, and other
links overly congested. To prevent the number of congested roadways, an average of 90%
of available capacity was treated as count. To do so, random numbers were generated
between 0.85 and 0.95, and the count was computed as the product of this value and
available capacity.
The following Table shows the results when there is no change in existing OD
matrix with 90% utilization of available capacity:
Table 6.1 Future Trip Table Summary (No Change in Existing OD)
Measure
Average V/C Ratio
Total VMT
Total OD Trips
Number of Links
(V/C > 1.5)

Direction AB
Direction BA
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Value
0.98
54437833.14
2022426
269
178

6.7.2

Formulation of Planning Scenarios
Before outlining the scenarios, the following aspects can be reminded briefly

those are the major factors in developing different scenarios:
6.7.2.1 Probability of Land Use Change
One study stated that that past counts of households and jobs are strong predictors
of current counts of all household types, as well as basic and retail employment [58].
Thus, an existing trip matrix can be modified with the predicted probability of land use
change by using the proposed binary logistic model with 2010 dataset. Through the use
of constraint matrix balancing existing OD matrix of Huntsville area was iterated until
the expected ratio is close to one.
6.7.2.2 Urban Sprawl Index
Compactness indices/sprawl-like metrics for TAZs were derived using principal
component analysis and transformed the first three principal components to an index with
the mean of 100 and a standard deviation of 25. The more compact counties have index
values above 100 while, the more sprawling counties have index values below 100 [39].
Number of TAZs (<100) is 214 which is very high comparing to the total number of
TAZs. A threshold depending on the quartiles was considered to lower the number of
sprawling TAZs. Table 6.2 provides the number of sprawling TAZs and its threshold.
Table 6.2 Number of Sprawling TAZs and Its Threshold
Threshold
75 Percentile
50 Percentile
25 Percentile

Value of Quartile
92
85
79

138

Number of Sprawling TAZs
147
78
31

Because of a higher proportion of sprawling TAZs for both 75 and 50 Percentiles,
TAZs below 25 percentile were scrutinized in a later section.
Figure 6.4 a shows the locations of sprawling TAZs on a map view when the
threshold is equivalent to 25 Percentile. It can be observed in
Figure 6.4 b most TAZs under the value of 75 Percentile of sprawling indices are
at fringes and very few TAZs are located in the center.

(a)

(b)

Figure 6.4 Sprawling TAZs – (a) 25 Percentile and (b) 75 Percentile

To minimize the number of trips along the roadways which fall under the area
within 75 Percentile Value, links were selected (shown in Figure 6.5) and were marked as
sprawling links. The sprawling TAZs (31 TAZs) based on 25 Percentile and the
sprawling links presented below were included to constrain the spatial growth of land use
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while comparing different planning scenarios. For instance, the available capacity of
those roadways was considered zero as the congested links that had no additional
capacity for new trips.

Figure 6.5 Sprawling TAZs with Associated Roadways
6.7.2.3 Land Availability

Figure 6.6 shows the zones where the land is fully occupied or has moderate
space to accommodate any new development. It has been found that the number of
saturated and moderately saturated TAZs at the core of our study area is large (about 98)
when all types of development were included to identify the available land. The
estimation was narrowed down by considering only medium and high development to
determine TAZs with minimal or no space for expansion that is about 36 inside the core.
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Only saturated TAZs were included in relevant scenarios, and additional scenarios were
analyzed without considering the effect of land availability in our existing/expected OD
matrix.

Figure 6.6 TAZs with Nominal or Moderate Space for New Development (a) Study Area
with 98 TAZs (b) Core of Study Area with 36 TAZs
6.7.2.4 Development of Hypothetical Scenarios
The features need to be incorporated while constructing hypothetical scenarios are:


Modifying existing OD matrix to reflect future probability of land use
change that followed the proposed binary logistic model

o Assumption on the probability of land use change for external zones such
as in this study either probability of zero or one was introduced


Restricting TAZs to generate or attract any trips where there is a scarcity
of land and it is contributing to potential sprawl
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In each case, OD matrix estimation was performed in TransCAD where 90 % of
available capacity was regarded as count and existing OD matrix was varied depending
on the aspects that were illustrated in formulating hypothetical scenarios (presented in
Table 6.3).

Table 6.3 Planning Scenarios

No

Scenario
Abbreviation

Aspect of
Land
Availability

Aspect of
Land Use
Change
for
Internal
Zones

Aspect of
restricting
Sprawling
TAZs

Aspect of Land Use
Change for External
Zones
Value of
Value of
probability probability
of 1
of 0

Option 1 P Ava
X
Option 2 P US
X
Option 3 P Ava US
X
X
Option 4 F Ava EX 0
X
X
Option 5 F Ava EX 1
X
X
X
Option 6 F US EX 0
X
X
Option 7 F US EX 1
X
X
X
Option 8 F Ava US EX 0
X
X
X
Option 9 F Ava US EX 1
X
X
X
X
X - means the presence of the corresponding factor, P - Present and F - Future

The existing matrix was adjusted according to the Options 1 through 9 to reflect
above aspects. To incorporate the characteristic of future land use change, rows and
columns of existing matrix were multiplied by the specific factors respectively until
resulted factors approach a certain limit. To include characteristic other than the value of
land use change probability, row, and column of the corresponding TAZ were replaced
by zero that is for sprawling and saturated TAZs.

142

X
X
X

6.7.3

Results
The measures summarized to compare the scenarios are average Volume-

Capacity (V/C) ratio, Total OD trips, Total VMT and the number of links with V/C more
than 1.5 (given in Table 6.4).

Table 6.4 Comparison of Hypothetical Scenarios

Scenarios
P Ava
P US
P Ava US
F Ava EX 0
F Ava EX 1
F US EX 0
F US EX 1
F Ava US EX 0
F Ava US EX 1

Total OD
Trips

Mean
V/C

Total VMT

1916602.21
1388971.29
1320994.33
1886715.22
1898853.58
1268190.23
1338484.54
1241769.09
1247404.12

0.94
0.84
0.84
0.97
0.99
0.84
0.83
0.82
0.82

50751623.64
38486713.86
39780347.19
53549358.49
55285094.85
37680562.33
37764523.20
36897460.20
36256321.00

Number of Links with
V/C>1.5
Direction
Direction
AB
BA
202
108
218
129
217
144
244
160
298
176
230
134
209
122
220
136
190
103

It can be observed that “F Ava US EX 1” is comparatively more sustainable not
only based on the level of congestion it exerts but also considering the least amount of
vehicle mileage traveled it produces. To enhance the sustainability and reduce the
congestion, this option was assessed by varying the utilization of available capacity from
80% through 40%. Table 6.5 provides the respective measures along with percent
utilization of available capacity.

143

Table 6.5 Respective Measures by Varying the Percent Utilization

Scenario
F Ava US
EX 1

Percent
Use

Total OD
Trips

Mean
V/C

Total VMT

45-35
55-45
65-55
75-65
85-75
95-85

697249.82
838063.78
959361.61
1056423.07
1164854.86
1247404.12

0.59
0.64
0.69
0.74
0.80
0.82

17467128.48
21788195.38
26078868.58
29716660.61
34564184.17
36256321.00

Number of Links with
V/C>1.5
Direction Direction
AB
BA
27
10
54
30
76
35
103
56
161
92
190
103

It can be perceived that about 50% to 40% utilization can yield better results
where the number of congested links reduces drastically. To investigate further, base trip
table for scenario “F Ava US EX 1” was modified to include 147 sprawling TAZs where
the threshold is equivalent to 75 Percentile. The sprawling links were classified as
“disable links” while setting up the network file in TransCAD that can block any
movement along these roadways. OD matrix estimation was performed in TransCAD
where 40 % of available capacity was regarded as count. Figure 6.7 shows the assigned
flows of estimated trip table when the base trip table of “F Ava US EX 1” was altered,
and sprawling links were disabled in TransCAD.
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Figure 6.7 Assigned Flows of Estimated Trip Table

Table 6.6 presents the values of similar measures to understand the impact of
adding more sprawling TAZs along with blocking related links.

Table 6.6 Measures Depending on Type of Changes under 40% Usage of Available
Capacity
Scenario
F Ava US
EX 1 (4535)

%Use

Total OD
Trips

Mean
V/C

Tot VMT

45-35
45-35

697249.82
677572.07

0.59
0.59

17467128.48
16796127.07

45-35

700395.75

0.50

9078746.57
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Number of Links
with V/C>1.5
AB
BA
27
10
25
12
24

11

Type of Changes to
block sprawl
31 Sprawling TAZs
147 Sprawling TAZs
147 Sprawling TAZs
plus disabling associated
links

The following table summarizes the number of links with V/C ratio more than
1.15 according to the changes considered in the above table. It can be noted that the
original existing network contains 200 links in AB direction and 76 links in BA direction
with V/C ratio more than 1.

Table 6.7 Number of Links with V/C Ratio More than 1.15

Scenario

F Ava US EX 1 (4535)

%Use
45-35
45-35
45-35

Type of Changes to
block sprawl
31 Sprawling TAZs
147 Sprawling TAZs
147 Sprawling TAZs
plus disabling
associated links

Number of Links with
V/C>1.15
Direction
Direction
AB
BA
276
123
286
133
211

78

This study compares different scenarios by varying percent utilization and
blocking sprawling extent to determine the future trip table. This step by step analysis can
help readers understand that scenario “F Ava US EX 1 (45-35)” with “147 Sprawling
TAZs plus disabling associated links” can promote a more sustainable land use,
transportation planning, and transport systems in the long run. Figure 6.8 and Figure 6.9
present the additional total trips that can be produced or attracted by TAZs respectively,
resulted from the scenario “F Ava US EX 1 (45-35)” with “147 Sprawling TAZs plus
disabling associated links”.
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Figure 6.8 Additional Production by TAZ

147

Figure 6.9 Additional Attraction by TAZ

6.8

Conclusion
It has been addressed in our problem statement that travel cost and accessibility is

a minor part of land use change model while land use model governs the future network
and major input for travel demand model. It controls the expansion or building new route
without looking at the underutilized roads or the disperse growth of cities. Therefore, any
change in travel cost does not have any significant influence on land use model or
location choice of future household and employment. Furthermore, Driven Apart, a new
report from CEOs for Cities, unveils the real reason Americans spend so much time in
traffic because of sprawl, which is the real cause of traffic congestion and the solution to
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this problem has much more to do with how we build our cities than how we build our
roads [1].
The main motive of this study is to address urban sprawl and available capacity
utilization and combine those features with land use change model for having a notion of
forming more compact cities.
The study presents the formulation of different planning scenarios and estimation
of OD matrices that included the aspects of future land use change, limiting sprawl by
utilizing available capacity. This paper conducted a rigorous step by step analysis to
determine a better solution or a more compact trip table that results in more trips inside
the city of Huntsville if a TAZ can accommodate new trips. Based on the least amount of
vehicle mileage traveled and a minimum number of congested links, a preferred scenario
was identified that is the important part of this research. Hence, it is a preliminary
initiative to build compact cities using current resources instead of the planning of future
road network solely depending on the land use forecast model.
These results can provide a better understanding of how communities have
developed in the United States and a better realization of the significance of building
more compact cities that can promote effective public transit, and improve mobility
options for walking and bicycling. This paper can help planners make appropriate
changes in future land use planning to minimize growth in sprawling areas that can
improve life expectancy, economic mobility, transportation choices, personal health, and
safety.
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CHAPTER SEVEN

7. CONCLUSION AND DISCUSSION FOR FUTURE RESEARCH
This dissertation began by highlighting the need to limit spatial growth and
propose a more compact plan using current resources instead of the planning of future
road network in accordance with the land use forecast model. It presented an initial
application of estimation of OD matrix to determine through trips followed by examining
the sensitivity of generating a good quality OD matrix with the removal of traffic counts.
These studies confirm the validity of estimation of OD matrix or usage of ODME tool
built in TransCAD 4.7 itself. As a solution, this dissertation proposed a methodology that
can combine land use change, spatial growth and utilization of the available capacity of
existing network in one frame by means of ODME tool.

7.1

Conclusions of Stated Studies
The conclusions can be summarized as follows:


Implemented an estimation of OD matrix from existing traffic counts to
determine through trips that were compared with that of Bluetooth dataset
for validation. The case study demonstrated that the through trip values
can be determined, within +/- 15 percent of actual values following the
methodology. This research developed a step by step procedure to
determine through trips pattern for any study area by using a minimal
amount of existing data. The outcome of this research will be very useful
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for the urban areas where the external survey is suspended or cannot be
conducted due to lack of resources. It provided more insight of how
estimation of OD matrix can be applied in answering a large scope.


Examined the sensitivity of generating an actual OD matrix with the
removal of traffic counts in a predictable manner for a larger network
using ODME tool built in TransCAD 4.7. The author acquired a better
understanding of how ODME tool can be very useful in the decisionmaking process. The case study required 50 percent of the traffic counts to
be present if sacrificing of one percent trip is acceptable. Thus, a decision
maker needs to examine their percentage of traffic counts for estimating an
origin-destination matrix. Considering that most communities only model
the major roadways in their network and these roadways almost always
have traffic count data available, it is entirely probable that a sufficient
amount of traffic counts may already be on hand. The findings revealed in
this paper will assist large communities that want to estimate an origindestination matrix without using the traditional Four Step TDM.



Developed a simplified model that can represent the future land use
change. The model with sprawling variables presents a better fit and
effectively explains the determinants of the probability of urban land
expansion. It can be utilized to forecast the likelihood/probability of land
use change at TAZ level (such as 2020) since independent variables (such
as 2010) are easily obtainable. The results can be useful in updating Travel
Demand Models or Land Use Models, thus, it can help planners and
156

decision makers in articulating and comparing different planning
scenarios.


This study uses the recent methodology developed by Ewing and
illustrates how the principal component analysis was used to derive
compactness/sprawl indices at TAZ level. It provides a scoring system that
analyzed available data with or without adding the centering variable for
the year 2000 and 2010. The uniqueness of this paper is the inclusion and
testing of centering factor which redistributes the spatial pattern of sprawl
indices in such a way that TAZs far from city centers can be defined as
scattered or leapfrog development. Another key finding is to identify
potential TAZs contributing sprawl according to a threshold that combines
both results (with or without centering effect). The outcomes can be a
substantial input in planning and decision-making process. Any preferred
planning scenario can be tested for the betterment of sustainable
transportation system where sprawling TAZs can be restricted to generate
or attract any trips.



Combined three features such as future land use change, sprawling extent
and land availability into one framework to prepare different planning
scenarios and compared those options to recommend a more feasible and
better option where available capacity of the network can be varied. Based
on the least amount of vehicle mileage traveled and a minimum number of
congested links, a preferred scenario was identified that is one of the
major contributions of this research. Hence, it is a preliminary initiative to
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build compact cities using current resources instead of the planning of
future road network solely depending on the land use forecast model.
These results can provide a better understanding of how communities have
developed in the United States and a better realization of the significance of building
more compact cities that can promote effective public transit, and improve mobility
options for walking and bicycling. This paper can help planners make appropriate
changes in future land use planning to minimize growth in sprawling areas that can
improve life expectancy, economic mobility, transportation choices, personal health, and
safety.

7.2

Future Work
The studies and methodology discussed in this dissertation and the research it

provides can be extended further.

7.2.1

Development of an Automated Tool
In the estimation process, the available capacity of the network was varied as a

whole rather changing by individual link. In future work, it will be worthwhile to vary
the available capacity of each link in such a way that can provide a better way of
optimizing the utilization of available capacity taking into account the fact of leaving a
minimum number of congested links which would be equivalent to existing state or meet
a certain limit. And this can be introduced as a separate tool such as an optimization of
the utilization of available capacity. Furthermore, it can be integrated with the aspects of
land use change (such as land use model including internal and external zones, existing
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density, any special case, etc.) in such a way that user can manipulate those features to
evaluate different planning scenarios.

7.2.2

Trip Generation Models
After estimating an origin/destination matrix for forming a more compact trip

table, relationships can be developed between the tabulated trips pairs and socioeconomic
data. These relationships can lead to trip generation equations for the community.
Conducting freight trip generation studies is also another area this methodology
can be extended to include.

7.2.3

Other Study Ideas
The methodology for this research can be refined further to incorporate a well-

defined density at TAZ level. Geographical information systems could be used to
examine the map of an area and to identify the desired density change for accommodating
the new trips.
A separate analysis for congested roads can be implemented where amount
beyond capacity can be considered as traffic count. It can help to locate the zones that are
responsible for the congestion in a study area.
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